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EOSINOPHIL RESPONSE STRESS ASCORBIC 
ACID PRETREATED MICE 


HABEEB BACCHUS NORMAN ALTSZULER 


Department The George Washington University, 
School Medicine, Washington, 


SCORBIC acid treatment prevents the adrenal hypertrophy typical 

animals exposed cold, and enhances the survival animals 
exposed this stressor (Dugal and Therien, 1949). was observed that 
acid pretreatment prevented the eosinopenia and the depletion 
adrenal cholesterol typical acute epinephrin stress (Bacchus and 
Toompas, 1951). 

This paper reports data which indicate that acid prevents the 
response epinephrin, but not corticotrophin. 


MATERIALS AND METHODS 


Male albino mice were used these experiments. Groups and III consisted mice 
which received pretreatment with ascorbie acid hours prior being stressed. The 
acid (Vitamin injectable, Roche) was administered intraperitoneally the 
dosage mg./100 single injection. Control animals Groups and re- 
ceived similar intraperitoneal injections 0.85% saline. Twelve hours after the pretreat- 
ment, all mice Group (11 mice) and III (5) received single subcutaneous injections 
epinephrin (0.03 mg./100 g.). Groups (18 mice) and (10 mice) were stressed with 
subcutaneous injections corticotrophin (Armour, Preparation dosage 
equivalent 4.5 mg. (LA-1-A) standard preparation per 100 body weight. Eosinophil 
counts tail blood were made Randolph’s method (1944) just prior pretreatment 
(a), and three hours after the stress (b) (corticotrophin epinephrin). The blood was 
collected while the mice were under mild Nembutal anesthesia. 


RESULTS 


The eosinophil counts made hours after the injection epinephrin, 
corticotrophin, were compared with made just prior the 
pretreatment (i.e. (a)). The Mean Differences (M.D.) and Standard 
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Errors were analyzed for statistical significance. Epinephrin injec- 
tion the acid pretreated mice induced significant increase 
the number circulating eosinophils (M.D.=+116+37 
<0.01). Epinephrin stimulation saline pretreated mice induced 
significant decrease the eosinophil count —180+31; <0.01). 


CORTICOTROPHIN 
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*ON compantsoh WITH COUNT MADE palon TO 
PRETREATMENT 


Corticotrophin stimulation the saline pretreated 
<0.05) and acid pretreated P=0.01), 
mice induced significant depression circulating eosinophils. The data 
are graphic form Figure which the percentile changes are pre- 
sented. The per cent change from the count (a) made prior pretreatment 
follows: 


Count hours post Epinephrin Corticotrophin (a) 
Count prior pretreatment (b) 
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DISCUSSION 


The excitatory effect stressors upon the adrenal cortex mediated 
through the anterior pituitary. has also been recognized that the action 
corticotrophin the blood eosinophil response dependent the 
presence adequate amount functional adrenal cortical tissue. 
Epinephrin stressor probably acts the adenohypophysis directly 
indirectly (e.g., via the hypothalamus), secrete corticotrophin, which 
turn stimulates the adrenal. Epinephrin failed elicit the decrease 
the number circulating eosinophils mice pretreated with ascorbic 
acid. Instead decrease, there was observed significant increase 
the number circulating eosinophils; this was observed vitamin treated 
rats (Bacchus al., 1951) and similar changes adrenalectomized 
mice (Speirs and Meyer, 1949) and rats (Dury, 1950). 

The vitamin pretreatment may prevent the eosinopenic action through 
the following possible mechanisms: 

(1) depressing the eosinopenic action released cortical hormones, 

(2) preventing the release cortical hormones masking the ad- 

renal endogenously liberated corticotrophin, 

(3) preventing the activity the pituitary, thereby inhibiting the 

release corticotrophin. 
The observation that the vitamin failed prevent the eosinopenic action 
corticotrophin strongly suggests that the vitamin did not operate 
through the first two mechanisms. The vitamin obviously failed mask 
the adrenal the action corticotrophin, and mask the action 
released cortical hormones, since the eosinopenia was observed. 

becomes necessary, therefore, assume that the vitamin depressed 
the action epinephrin and prevented the release corticotrophin. 
Whether this action involves acid antagonism, 
inhibition the pituitary, directly indirectly, not definitely 
known. possible however, that the vitamin depressed the activity 
the pituitary itself, since the stress cold failed induce signs resist- 
ance ultimately referable the active pituitary-adrenal axis (Dugal and 
Therien, 1949). Under such circumstances then, the prevention cortico- 
trophin release ascorbic acid similar the blockage cortical 
hormones (Sayers and Sayers, 1947). 

possible that the action ascorbic acid observed this study 
related the production cortical hormones, implicit the suggestions 
Lowenstein and Zwemer (1946); Giroud al., 1941 b). Ascorbie acid 
has been observed enhance the efficiency the utilization cortical 
hormones (Giroud al., 1941 b); this action may related the 
findings observed this study. Although the vitamin exerts several 
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corticoid-like properties, the similarity means complete ob- 
served previous paper (Bacchus al., 1951). 

Skelton (1950) tentatively concluded that the observations Dugal 
al. (1949) and Giroud al. (1941 indicate that the vitamin acts 
the adrenal level the pituitary-adrenal axis. The present study 
provides data indicate that the vitamin probably does not act the 
adrenal itself, but rather the pituitary pre-pituitary level. 


SUMMARY AND CONCLUSIONS 


The action ascorbic acid pretreatment the eosinophil response 
mice epinephrin and corticotrophin was investigated. The data indicate 
that although the vitamin prevented the eosinophil decrease following 
epinephrin, failed the case corticotrophin stimulation. 
These observations were interpreted indicating that the vitamin 
operated this mechanism depressing the release pituitary cortico- 
trophic hormone. 


Acknowledgement 


The Vitamin injectable (Sodium Ascorbate) was supplied through the generosity 
Doctor Lewis, Hoffman-La Roche, Nutley, New Jersey; and the corticotro- 
phin (Armour Lot 212-103) was supplied through the generosity Irby Bund- 
ing, Armour and Co., Chicago, Illinois. 


(Since this manuscript was submitted for publication, the authors have 
obtained further data this problem. has been shown later studies 
that ascorbic acid capable (a) potentiating the gluconeogenic action 
injected cortisone,' and (b) that ascorbic acid prolongs the hematologic 
actions Further work indicated that these actions may 
related suppression the breakdown cortical This 
suppression breakdown probably related the action ascorbic 


acid.) 
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EXCRETION FORMALDEHYDEGENIC (FG) 
SUBSTANCES NORMAL AND SCORBUTIC 
GUINEA PIGS* 


National Cancer Bethesda, Md. and the Departments Biochemistry 
and Experimental Medicine, Jefferson Medical College, Philadelphia, Pa. 


several publications have suggested that acid 
may important the function the adrenal cortex (Long 1947, 
Sayers 1950) the role ascorbic acid the metabolic processes the 
adrenal gland still undetermined, and some the evidence appears 
contradictory. 

Giroud al. (1939, 1940, 1940a, 1941) have reported that normal 
adrenal function was dependent upon adequate acid supply. 
Supporting evidence for the presence impairment the 
adrenal cortex scurvy may seen reports (Lockwood al., 1933, 
1936; Ratsimamanga, 1944) that adrenal cortical extracts favorably 
altered the course scurvy guinea pigs. Recent work has shown that 
the life guinea pigs maintained diet deficient ascorbic acid may 
prolonged the animals are given cortisone (Hyman al., 1950; 
Schaffenburg al., 1950). This agreement with earlier results based 
the use adrenal extracts. 

The problem complicated, however, evidence the contrary. 
The guinea pig with low adrenal acid content will 
respond ACTH stimulation with further decrease adrenal ascorbic 
acid (Long, 1947) well with decrease adrenal cholesterol content 
(Oesterling and Long, 1951), marked neutrophilic polymorphonuclear 
leucocytosis and lymphopenia (Nadel and Mayes, 1949) and 
(Eisenstein and Shank, 1951). These observations are indirect indications 
that there impairment adrenal secretory function 
guinea pigs (Morgan, 1951). 

Chemical measurements corticoid! excretion normal and scorbutic 


Received for publication February 1952. 

preliminary report portion this work has appeared abstract the 
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Internal Secretions, Atlantic City, June 1951. 
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used this paper, the term corticoid refers urinary substances, presumably 


adrenal origin, yielding formaldehyde oxidation with periodic acid 
1951). 


q 
5 . 


NADEL AND SCHNEIDER Volume 


guinea pigs have not been presented. this communication wish 
report data the excretion corticoid substances the normal, starved, 
and guinea pig. 


METHODS AND MATERIALS 
Biological 


Forty male guinea pigs weighing between 300 and 400 grams were used four series 
experiments. Animals similar weight were paired and the combined hour urine 
collection was treated unit. The animals were kept room maintained 
degrees C., and were weighed regular intervals throughout the period study. The 
diet? given supported normal growth when supplemented with ascorbic acid, mgms., 
given daily. When unsupplemented, the diet was scorbutigenic for guinea pigs, 
and animals placed lost weight the fifteenth day, were moribund the thirtieth 
day and came autopsy with morphologic evidence scurvy. The acid was 
prepared aqueous solution from standard shortly before use. 

Series Daily urines were collected intervals during period days from 
animals given the supplemented diet and from animals the unsupplemented diet. 

Series Daily urines were collected from animals given the supplemented diet 
establish the normal values for each pair. After period weeks this diet, the sup- 
plement was withdrawn. Daily urines were collected intervals during the following 
days scurvy developed this group. 

Series Daily urines were collected from animals given water but food for 
period days. Ten these starved animals were given daily supplements mgms. 
acid mouth during this period. 

Series Ten scorbutic animals were selected from the first series the basis 
high corticoid excretion value. They were given single oral dose mgms. ascorbic 
acid and their urines were collected twice during the following hours. 


Chemical 


routine procedure, hour urine specimens were collected from pairs guinea 
pigs. Each specimen was diluted approximately 200 ml. with water used wash 
down the cage and the screened collecting funnel, and the adjusted After 
hours room temperature, the specimen was filtered and extracted four times with 
volumes chloroform. The extract was then washed with 0.1 NaOH 
and water and the crude neutral extract was taken dryness vacuo all-glass 
apparatus. The residue was taken ml. absolute ethanol. After maximal solu- 
tion was obtained, ml. water was added, and ml. aliquot was analyzed for 
formaldehydegenic substances the periodate method Corcoran and Page (1948) 
modified Daughaday al. (1948). Each recorded analysis represents the average 
excretion corticoids the urine one guinea pig during hour period. 

order better characterize the excreted material, additional analyses were carried 
out crude neutral extracts that had been partitioned between benzene and water. 
This procedure was carried out washing benzene solution the extract five times 
with equal volumes water. The combined water phases were extracted with chloro- 
form. Following removal this solvent, the residue was analyzed the periodate 

method, the Porter-Silber (1950) method using phenylhydrazine and sulfuric acid. 


Rockland rabbit ration obtained from Arcady Milling Co., 223 West Jackson Blvd., 
Chicago Illinois. 
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some instances the crude neutral extracts were treated with Girard’s reagent 
room temperature (Schneider 1950) and the ketonic fraction partitioned above. Frac- 
tions found contain relatively large amounts corticoids were also analyzed either 
direct ultraviolet spectroscopy over the range 220 280 Beckman spectro- 
photometer, the sulfuric acid chromogen procedure Zaffaroni (1950). 


OBSERVATIONS 


The data are presented Tables and and Figure The 
day experimental period has been arbitrarily divided into intervals 
days each, and the results and discussion will refer early days, 
middle days), and late days) acute scurvy. 

The average normal daily excretion corticoids growing male guinea 
pigs, was found 106 ug. calculated desoxycorticosterone. During 
early acute scurvy the average value was with gradual rise 
middle acute scurvy 140 ug. late acute scurvy the average value was 


TABLE 1. CoRTICOID EXCRETION IN THE URINE OF NORMAL AND 
SCORBUTIC GUINEA PIGS 


Normal 


Days the ascorbic acid de- 
ficient diet 10-18 19-27 
Mean corticoid excretion per 
guinea pig per hour pe- 


19-21 22-27 


TABLE EFFECT ORAL ASCORBIC ACID THE URINARY CORTICOID 
EXCRETION GUINEA PIGS LATE ACUTE SCURVY 


Average excretion 

Excretion day after single oral dose 
ascorbic acid 

Excretion days after single oral dose 


acid 


450 gamma 
283 gamma 


163 gamma 


TABLE 3. CoRTICOID EXCRETION IN STARVED AND IN 
SCORBUTIC GUINEA PIGS 


(given daily group 
supplements (late acute scurvy) 
ascorbic acid) 

Average excretion 122 gamma 468 gamma 
Body weight loss during preceding days 29% 22% 


| 
Each recorded analysis represents the average excretion corticoids the urine 
one guinea pig during hour period calculated one-half (3) the total excretion per 
day pair guinea pigs. 
Starved group 
! 
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387 This latter figure masks the fact that during the second half the 
late acute period there was further rise the corticoids 468 yg. 
(Table Figure 1). 

When group animals with average corticoid excretion 
450 were given single oral dose mgms. acid, there 
was abrupt fall the excretion within hours average value 
283 This fall continued during the following hours reach level 


500 Scorbutic Guinea Pigs (Scorbutigenic diet) 


400 


300 


DAYS 


Daily urinary corticoid excretion normal and scorbutic male guinea pigs 


163 (Table 2). Unless acid administration were continued 
the corticoid excretion rose again high values. 

comparison the corticoid excretion and starved 
guinea pigs presented Table Guinea pigs, the second half late 
scurvy, with average excretion 468 had mean body weight 
equal per cent their highest body weight during the experiments. 
During the days preceding the date high corticoid excretion, they lost 
per cent their body weight. Guinea pigs starved for days, but given 
daily dose mgms. ascorbic acid orally, during this period 
starvation, had body weight loss per cent, and average excretion 
122 (Table 3). When starved for days, they were moribund, 
had lost per cent their body weight, and excreted average 290 ug. 
Periodate analyses both the water and benzene fractions crude 


200 
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neutral extracts, following benzene-water partitioning, showed that the 
excreted corticoids were largely water soluble. Further examination the 
water phases revealed that normal animals per cent this material 
reacted the Porter-Silber method, while per cent reacted the 
case the scorbutic animals, indicating the presence both groups 
compound(s) having the 17, 21-dihydroxy-20-keto structure. Two water 
soluble ketonic fractions derived from pooled extracts from the urine 
guinea pigs showed absorption maximum 240 ethanol 
when examined ultraviolet spectrcscopy. Aliquots these purified 
extracts acid solution showed marked green fluorescence. 
When examined the method Zaffaroni (1950) they showed absorption 
maxima 280 390 and 470 corresponding those given 
this author for 17-hydroxycorticosterone (Compound F). 


DISCUSSION 


These data show that normal male guinea pigs excrete relatively large 
amounts corticoids, and that severely animals excrete signifi- 
cantly greater amounts. The enhanced excretion corticoids the 
state interest for although scurvy probably represents severe 
stress situation for the guinea pig and elicits increased adrenal activity 
(Oesterling and Long, 1951; Morgan, 1951; Nadel and Schneider, 1951) 
the increased activity manifest gland which the acid con- 
tent very low levels. While the evidence present indirect, 
strongly suggests that the guinea pig, ascorbic acid not necessary for 
the elaboration adrenocortical hormones. More direct evidence may de- 
velop from perfusion studies. 

Our data suggest addition that extreme starvation (loss body weight 
approximately per cent) also stress situation for the guinea 
pig can evaluated terms increases the urinary corticoid 
excretion. While guinea pigs scorbutigenic diet fail gain weight 
normal rates and eventually lose weight, believe have evaluated 
this factor well enough state that the lack ascorbic acid per consti- 
tutes the chief stress severely scorbutic animals (Table 3). 

not possible determine, this time, from these experiments the 
nature the substances excreted the urine guinea pigs. 
Since the materials were largely water and 
ketonic nature, and reacted with the Porter-Silber reagent, believe 
probable that the fractions examined contained adrenocortical com- 
pounds their Preliminary evidence given that one 


Bioassay pooled urinary extracts from normal and scorbutic guinea pigs paralleled 
the assays. Four normal animals excreted the equivalent 
cortisone per guinea pig per hour period. Four other animals given the scorbutigenic 
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these when tested the sulfuric acid chromogen method fluoresced and 
had spectroscopic maxima identical those Compound 

The enhanced excretion corticoids need not reflect solely increased 
adrenocortical activity the scorbutic animals, but could part 
related decreased capacity such animals metabolize the elabo- 
rated compounds, and part altered renal function. In-vitro studies 
the ability the tissues normal, starved, and guinea pigs 
metabolize hormones the adrenal cortex are now 


SUMMARY 


The excretion formaldehydegenic (FG) substances normal male 
guinea pigs high, being the order 100 ug. per hour period. Animals 
diet showed first normal, then low, and the defi- 
ciency disease progressed, very high titres. After ascorbic acid therapy, 
animals with high titres excreted diminished amounts substances. 
Starved animals given daily supplements ascorbic acid showed normal 
excretion values, but these values rose when the loss body weight 
approximated per cent. 

Fractionation urinary extracts from normal and scorbutic animals 
showed that the periodate-reacting material was largely water soluble 
and ketonic nature. The purest fraction extracts urine from scor- 
butic animals showed absorption maximum 240 alcoholic 
solution. acid solutions this fraction displayed green fluores- 
cence and absorption maxima 280 390 and 470 corresponding 
those given for hydroxycorticosterone. Urinary extracts from guinea 
pigs late acute scurvy were more active liver glycogen deposition 
test than urinary extracts from normal guinea pigs. 
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THE THYROID AND REPRODUCTIVE PERFORMANCE 
THE ADULT MALE GUINEA PIG! 
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XPERIMENTS the relationship between the thyroid and repro- 

duction male mammals have been numerous; nevertheless, much 
uncertainty exists with respect reproductive performance hyper- 
and hypothyroid individuals. Degeneration the germinal epithelium 
decreased spermatogenesis reported follow the administration 
thyroid substance rats (Monterosso, 1912; Smelser, Cunningham, 
King and Kessell, 1941). Elsewhere reported that spermatogenesis 
unaffected (Cameron and Carmichael, 1920; Courrier, 1921; Déderlein, 
1928; Cohen, 1935; Richter, 1944) that any harmful action transitory 
(Belawenetz, 1942). Spermatogenic activity and epithelial proliferation 
the seminal vesicles are reported have been stimulated feeding mice 
synthetic thyroprotein and Reineke, 1950). The administration 
thyroxine stimulated spermatogenesis and improved the semen quality 
young rabbits and rams 1951). increased reactivity the 
testes the mouse pituitary gonadotrophins reported following 
treatment with thyroxine (Meites and Chandrashaker, 1948), likewise 
increased responsiveness the accessory sex glands testosterone 
(Masson, 1947). Relatively little attention has been given the possible 
effects thyroid substance sexual behavior. Some the rats studied 
Rickey (1925) and Cohen (1935) mated. Déderlein (1928), Belawenetz 
(1942) and Richter (1944), the other hand, state that sexual interest 
lost least greatly diminished following treatment with thyroid 
substance. (1951) states that rabbits given thyroxine physio- 
logical doses displayed increased libido. 

The literature dealing with hypothyroidism the male and reproduc- 
tion more extensive and more species have been studied. general, 
the opinion held that reproductive performance the hypothyroid male 
impaired. The deficiency said involve spermatogenesis (Tatum, 
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1913; Berliner and Warbritton, 1937; Zalesky and Wells, 1937; Smelser, 
1939b; Salmon, 1941; Reineke, 1946; Bogart and Mayer, 1946;-Maqsood 
and Reineke, 1950; 1951) and frequently reduction 
strength sex drive (Rickey, 1925; Petersen, Spielman, Pomeroy and 
Boyd, 1941; 1951). Prepuberal animals seem more affected 
deficiency thyroid hormone than older animals (Ross, 1938; Scow and 
Simpson, 1945; Goddard, 1948). contrasted with these results are 
those from several apparently well controlled studies which any effect 
was slight questionable significance (Shettles and Jones, 1942; 
Jones, Delfs and Foote, 1946; Mayer, 1947). During study male rats 
given thiouracil and methylthiouracil for months, degeneration the 
germinal epithelium was seen (Glock, 1946), but only when descent the 
testes failed The degeneration, therefore, may have been pro- 
duced the higher temperature the body cavity (Moore, 1924) 
rather than any specific action hypothyroidism the germinal 
epithelium. Inconsistencies such those noted above are less apparent 
the clinical literature reviewed Dickerson (1947). 

This lack agreement the part those who have studied the prob- 
lem makes appraisal the relationship between the thyroid and repro- 
duction difficult, but there are deficiencies information that render 
any expression opinion even more hazardous. investigator seems 
have observed matings experimental males with untreated females 
effort ascertain what extent differences the level thyroid 
activity estimated the rate oxygen consumption, heart rate and 
the concentration serum protein-bound iodine are reflected differ- 
ences strength sex drive fertility. laboratory mammal has 
there been estimation the range thyroid activity within which 
reproduction normal. Only exceptionally all has the reproductive 
performance any male been tested prior its use experimentally. The 
study described below represents attempt obtain data this type 
for the male guinea pig. 


MATERIALS AND METHODS 


Before treatment was begun any animal the strength sex drive was determined 
from data recorded during ten 10-minute mating tests made intervals days. 
The score which obtained such mating tests varies from for test during which 
sexual behavor displayed for test during which ejaculation occurs within the 
first seconds (Young and Grunt, 1951). The average the scores for the mating 
tests taken the strength sex drive. When ejaculation occurs during the tests, the 
fertility the matings, the course gestation and the number and condition the off- 
spring can readily ascertained. The period during which these preliminary tests are 
given referred the pretreatment period. 

After the performance during the pretreatment period has been ascertained, the 
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animals were divided proportionally according strength sex drive into two experi- 
mental groups and two control groups. Thus there were experimental group made 
hyperthyroid with its control group receiving treatment and experimental group 
made hypothyroid with its control group. During the experimental period each animal 
was given mating tests similar those given during the pretreatment period. After 
the tenth test had been completed, the rate oxygen consumption, heart rate and the 
concentration serum protein-bound iodine (PBI) were determined methods which 
are described below. The testes, epididymides, adrenal glands and, all except the 
thyroidectomized males, the thyroids were removed and fixed this time. 

Hyperthyroidism was simulated the administration crystalline thyroxine 
(Squibb). This substance was injected subcutaneously varying amounts. During the 
first months treatment 0.1 mg. dissolved mammalian Ringer’s solution was given 
intervals days. During approximately the last months which included 
the period the mating tests 0.05 mg. was given daily. The effectiveness this dosage 
attested, not only the elevated oxygen consumption, heart rate and PBI, but also 
the loss weight. the end the experimental period the weight the animals re- 
ceiving thyroxine averaged 15.6% less, —29.0%, than the beginning 
the treatment. The weights the control animals increased average 22.9% 
range +8.6% +55.5%. Six treated males and four untreated males that were 
months old the beginning the pretreatment period survived all the procedures and 
were used the investigation the effects thyroxine reproduction. 

Hypothyroidism was produced surgical thyroidectomy performed approximately 
month after the last mating test given during the pretreatment period. Although 
part the gland was found gross inspection the time autopsy, the possibility 
that small rests were undetected cannot excluded. Notwithstanding, the lowered rate 
oxygen consumption, the slower heart rate and the reduced concentration PBI 
were regarded presumptive evidence for definite hypothyroidism. Mating tests 
during the experimental period were begun weeks after the operation. Fourteen 
hypothyroid and intact males that were months age the beginning the 
pretreatment period survived all the procedures and were used this part the 
investigation. 

last group animals were composed untreated males, given mating 
tests each, whose strength sex drive averaged 6.8 less our rating scale (low-drive 
males), and untreated males given tests whose strength sex drive averaged 
10.8 higher (high-drive males). Because the theoretical possibility that the dif- 
ferences the strength sex drive might associated with differences the level 
thyroid activity, estimations the latter were made measurements oxygen con- 
sumption, heart rate and the concentration serum PBI. 

all animals the rate oxygen consumption was measured modification 
(Peterson, unpublished) the apparatus described Williams, Phelps and Burch 
(1941). electrocardiogram each animal was taken using Sanborn Viso- 
Cardiette, after anaesthetizing the animal with nembutal mg./100 gm. body weight). 
The heart rate was then from this record. The concentration serum pro- 
tein-bound iodine was determined untreated, thyroxine-treated and thy- 
roidectomized males using the modification the method Salter and Johnson (1948) 
described Brown and Young (1952). 

The temperature the laboratory was maintained thermostatically controlled 
heating-cooling units 70° during the fall, winter and spring months and 75° 


during the summer. The diet was composed rabbit pellets, oats, alfalfa, fresh cabbage, 
and water. 
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TABLE STRENGTH SEX DRIVE THYROXINE-TREATED AND 
THYROIDECTOMIZED MALE GUINEA PIGS 

Pretreatment period period 
Treatment Average Average per cent 
animals Number sex Number sex change 
tests drive tests drive 
Thyroxine- 
Thyroidec- 
tomized 140 8.18+0.23 140 —5.8+2.32 


The values are the standard error the means. 


RESULTS 


Data bearing the strength sex drive thyroidectomized males 
and males given thyroxine are summarized Table sufficient 
note that the decreases after thyroidectomy and during the period 
thyroxine administration are almost identical with that shown the 
control group. Consequently, neither treatment seems have affected 
sexual behavior. 

Evidence that the animals were not otherwise unresponsive thy- 
roidectomy the injection thyroxine presented Table Each 


TABLE 2. STRENGTH OF SEX DRIVE AND MEASURES OF THYROID HORMONE ACTIVITY 
IN THYROXINE—TREATED AND THYROIDECTOMIZED MALE GUINEA PIGS 


Untreated 52.4+0.88 256 +8.24 
animals) 
treated 


The values are the standard error the means. 
The difference from the control value significant the level (Student’s 
The difference from the control value significant the level (Student’s 


measure thyroid activity was lower the thyroidectomized animals 
than the control animals and each measure was higher the animals 
given thyroxine. The strength sex drive, the other hand, was nearly 
the same the three groups. Evidently, therefore, the range thyroid 
activity estimated oxygen consumption, heart rate and the concen- 
tration serum PBI within which normal sexual behavior can displayed 
wide. the values recorded for animals the untreated group can 
regarded normal, oxygen consumption averaged less the hype- 
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thyroid group and 53% more the hyperthyrcid group, heart rate 
and +30%, and the concentration and +157%. Had indi- 
viduals instead groups been considered, the range variation would 
even greater. 

Data bearing the relationship between level thyroid activity and 
fertility the male are summarized Table The changes per cent 
TABLE 3. FERTILITY OF THYROXINE-TREATED AND THYROIDECTOMIZED 


MALE GUINEA PIGS 


Untreated Thyroxine-treated Thyroidectomized 


Pretreatment | Experimental Pretreatment Experimental] Pretreatment | Experimental 
period period period period | period period 


Number of matings 89 | 69 | 38 26 80 | 83 
Number and %&% of fer- | | | | | | 

Number of litters and 

average size 84* 3.2 66* 3.0 32* 3.6 19* 3.3 70* 3.0 


Number and % of preg- | | 
nancies terminating | 


Number and % | | | 


of | | | 
young born alive | 208 77.0% | 154 78.6% | 103 90.4% | 44 71.0% 212 81.5% | 166 80.2% 


* The discrepancy in the number of animals is explained by some accident not related to pregnancy which necess- 
tated the elimination of one or more animals from the remainder of the table. 


fertile matings during thyroxine administration was slight and does not 
differ significantly from the change the control group. There was 
marked decrease the per cent fertile matings following thyroidectomy 
its probable significance indicated the results from subsequent un- 
published observations (Young and Peterson). 

Also noted are the variations oxygen consumption, heart rate 
and concentration PBI that were encountered males which were 
fertile tests (Table 4). For each measure thyroid activity 
there was wide range that was compatible with fertility. When the aver- 
age oxygen consumption, heart rate and concentration serum PBI for 
the untreated males are taken normal, the variations fertile indi- 
viduals were from —19% +49% for oxygen consumption, —20% 
+26% for heart rate, and —31% +186% for the concentration PBI. 

When the testes and epididymides from the experimental males were 
examined macroscopically the time autopsy, all appeared normal; 
the epididymides especially were white from their content spermatozoa. 
view this circumstance and the fertility the animals, assumed 
that the degrees hyper- and hypothyroidism produced this study were 
without visible effect the germinal epithelium. 

The course gestation was followed females mated with thyroidec- 
tomized and thyroxin-treated males. all likelihood, litter-size, the per 
cent young born alive and the length gestation are influenced more 
factors operating the female than any condition the sperma- 
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THYROID AND REPRODUCTION 
TABLE MEASURES THYROID HORMONE ACTIVITY MALE GUINEA 
PIGS WITH 100% FERTILE MATINGS 


Treatment Male matings gm./hr. beats/min. 
210T 53.6 274 2.4 
214T 55.5 280 2.1 
464T 54.2 274 2.0 
3352L 51.5 321 
3416L 51.0 251 
Thyroxine- 210T 75.0 326 4.1 
treated 609L 85.7 343 8.4 
Averages 80.4 6.3 
Thyroidec- 1243T 42.6 216 1.5 
tomized 3353L 210 
3367T 42.9 204 
Averages 44.0 210 1.5 


tozoa. Notwithstanding, injury the spermatozoa the rat roentgen 
irradiation affect embryonic development adversely (Henson, 1942) and 
the possibility could not excluded that altered levels thyroid activity, 
through injurious action spermatozoa, might modify the course 
development the guinea pig. seems clear, though, that within the 
limits thyroid activity maintained these experiments, effect 
this kind was produced (Table 3). The reduction the per cent young 
born alive from 90.4% 71% the group given thyroxine quite large 
and statistically significant the level. noted however that 
the born alive higher than any untreated group. feel there- 


MEASURES THYROID ACTIVITY UNTREATED MALE GUINEA 


PIGS DISPLAYING LOW OR HIGH SEX DRIVE 


Number Average Heart Serum 

Male Copulations sex rate PBI 

058L 7 0 0.0% 6.8 | 71.8 | 228 3.1 
Low-drive 0.0% 6.5 55.4 286 2.2 
males 10L 10 2 20.0% 5.8 55.4 | 296 2.4 
43L 13 3 23.1% 6.7 51.2 | 227 1.5 
Mean 9.2 1.0 10.9% 6.5 58.3 265.6 | 2.3 
103T 11 11 100.0% 12.9 53.4 275 | 3.2 
105T 10 8 0% 10.8 54.2 276 | 2.5 
High-drive 107T | 11 11 100.0% | 12.0 56.3 242 | 3.4 
males 108T | 11 100.0% 11.4 50.1 237 3.4 
Mean 10.7 10.2 95% 11.8 53.5 257.5 3.1 
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fore that the significance which would ordinarily attached this re- 
duction should discounted. 

last test the relationship between the thyroid and reproduction 
the male guinea pig involved determination oxygen consumption, 
heart rate and the concentration serum PBI untreated males 
which the strength sex drive was relatively low relatively high. The 
differences these measures thyroid activity the two groups ani- 
mals (Table are not significant and can only concluded that the 
variations the strength sex drive amounting more than 100% 
were associated with factors other than the level thyroid activity. Such 
situation might explain Beach’s (1942) failure induce any sexual 
activity low-drive male rats treated with large doses thyroxine. 


DISCUSSION 


The data summarized above give support the suggestion that 
close relationship exists between the thyroid and reproduction the male 
guinea pig unless the fertility the hypothyroid male. This granted, 
the fact remains that some the males having low thyroid activity 
were completely fertile (Table 4). Evidently individuals react differently 
low levels thyroid activity, the fertility some affected more, that 
others affected less. the aggregate, within the level hypothyroid- 
ism which worked, slight lowering fertility occurred. 

the level hyperthyroidism produced these experiments, 
questionable there was any effect reproduction. Undoubtedly, the 
administration still larger quantities thyroxine would have been fol- 
lowed higher rate oxygen consumption, faster heart rate, greater 
concentration PBI, more severe emaciation, and possibly some effect 
reproduction, but suggest with Moore (1939) that the latter would 
manifestation the general emaciation rather than the result 
specific action thyroxine the reproductive tissues. 

Consideration the problem the light the relatively slight effect 
thyroidectomy the vital activities used measures thyroid func- 
tioning suggests that the thyroid the male guinea pig under laboratory 
conditions does not function high level. Conceivably, therefore, its 
removal would have little effect any vital activity including reproduc- 
tion. Such explanation might account for the differences between the 
results obtained this study and those reported investigators who have 
used other species. would not, however, account for the divergent 
results reported those who have studied single species such the rat. 
estimation the range thyroid activity within which reproduction 
normal and beyond which reproductive performance impaired other 
species might help clarify the problem. 
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SUMMARY 


The strength sex drive the adult male guinea pig was not altered 
significantly thyroidectomy daily injections thyroxine. The 
degree fertility was not different animals injected with thyroxine, but 
did become somewhat lower following surgical thyroidectomy. The need 
for thyroid hormone seems vary greatly from animal animal because 
among individuals there wide range thyroid activity estimated 
oxygen consumption, heart rate and concentration serum protein- 
bound iodine within which reproductive performance normal. 

Variations the strength sex drive untreated animals amounting 
more than 100% were not associated with comparable differences 
the level thyroid activity. 

Evidence reviewed support the opinion that the male guinea 
pig the vital activities are not strongly dependent thyroid activity. 
This could account for the failure find closer relationship between the 
thyroid and reproduction this species. 
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PROTECTIVE EFFECT STEROIDS AGAINST ACUTE 
EGG-WHITE TOXICITY ADRENALECTOMIZED 
RATS 


GRAHAM CHEN anp AGNES WICKEL 
Parke, Davis and Co., Detroit, Michigan 


NUMBER biological test methods are available for evaluation 

the physiological and pharmacological properties adrenal cortical 
steroids. The effects the steroids rats glycogen depcsition and 
maintenance the adrenalectomized animal are common procedures. 
(See Dorfman, 1949). Other methods include protection against anaphyl- 
shock, inhibition hyaluronidase spreading, effect work perform- 
ance, cold stress and circulating ecsinophile count (Ingle, 1950). Which 
any, these methods related the therapeutic use steroids 
rheumatoid arthritis remains seen. the past year, have evalu- 
ated selected steroids and antihistaminics for their ability protect 
adrenalectomized rats from lethal doses egg-white. The method appears 
for cortisone and its related compounds and has the merit 
simplicity conducting the test. screening procedure and the results 
obtained with number the steroids, antihistaminics, epinephrine, and 
rutin are given this report. 


EXPERIMENTAL 


Male Sprague-Dawley rats weighing between and grams were adrenalectomized 
under ether anesthesia and maintained normal diet and tap water. They were used 
for testing days after operation. The test compound was given intramuscularly 
animals for each dose level; two hours later, fresh egg-white 1-1 dilution per 
100 grams) was injected intraperitoneally. The number deaths was then recorded for 

Cortisone acetate and the steroids were first dissolved small amount absolute 
alcohol and dispersed into fine suspension with water and tween 80. The final volume 
was adjusted allow injection the desired dose volume per 100 grams 
body weight, and all injection materials contained ethanol. Other materials either 
solution suspension were made similar fashion. The egg-white was taken 
from fresh egg and thoroughly mixed with water just before use. 


RESULTS 


The toxicity various dilutions fresh egg-white adrenalectomized 
rats shown the data Table The minimal dose required kill 
all the animals was cc./100 gm. approximately dilution; 
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TABLE THE TOXICITY FRESH EGG-WHITE ADRENALECTOMIZED RATS 
Egg-white gm.) 


No. deaths 


No. injected per cent 


1-20. 
1-15. 
1-12. 
1-10. 


dilution was chosen challenging dose for protection tests. Occasionally 
control animal tolerated the challenge dose, possibly due the presence 
accessory adrenal cortical tissue high natural resistance the animal 
toward egg-white. way contrast, animals with intact adrenals will 
survive the intraperitoneal injection gm. dilution 
egg-white, the maximal practical volume that can given. 

should pointed out that the resistance rats obtained from the 


TABLE 2. THE PREVENTION OF THE LETHAL EFFECT OF FRESH EGG-WHITE IN 
ADRENALECTOMIZED RATS BY CORTISONE-ACETATE 


Time after operation 
Cortisone, days days 


im. No. deaths 


Protection, 


No. deaths Protection, 
per cent 


No. injected* per cent 


20/20 42/45 

14/15 26/40 30.0 
11/20 45. 19/40 49.1 
5/20 75. 5/40 
0/15 100. 6/40 83.9 
100.0 0/5 100.0 


No. injected* 


1-1 dilution egg-white intraperitoneally. 
Computed graphically from probit-log dose. 


same source supply may vary considerably the different seasons the 
year. The acute toxicity egg-white adrenalectomized rats should 
therefore determined from time time order select appropriate 
dose for protection tests. found that dose egg-white which will 
kill the adrenalectomized animals hours after injection desir- 
able quantity. very important that the tests for comparing the ac- 
tivities two compounds conducted concurrently with similar groups 
animals. 


q 
1/5 
3/10 
5/10 
7/10 
9/10 
5/5 100 
5/5 100 
5/5 100 
125 
250 
500 


AND EGG-WHITE TOXICITY RATS 


TABLE 3. THE PROTECTIVE EFFECT OF DEHYDROCORTICOSTERONE, CORTISONE 
ACETATE, AND 6,7-DEHYDROCORTISONE AGAINST ACUTE LETHAL 
TOXICITY OF EGG-WHITE IN ADRENALECTOMIZED RATS 


6,7-dehydrocortisone 


No. deaths 


Dehydrocorticosterone Cortisone-acetate 


No. deaths No. deaths 


Injection 
pe. /Keg. Protection, 


per cent 


Protection, 
per cent 


Protection, 


No. injected No. injected No. injected per cent 


PDso+S8.E. (Log) 2.32+0.07. -93+0.05. 1.67 approximate 
ug./ Kg. 209 (178-246) 5 5 47 
Ratio+S E. (Dehydro./Cortisone) =0.39 + 0.086 (Log) or 
=2.46 (2.01 to 2.99). 


Table are given the results obtained with cortisone acetate rats 
two and three days after adrenalectomy; the slight difference 13+14 
ug./Kg. between the 50% protective doses cortisone-acetate these 
two series animals insignificant (P=0.3) (Burn, 1937). 

Among the substances far tested, four compounds were found effec- 
tive combating the lethal effect egg-white. They are dehydro- 
corticosterone, cortisone acetate, 17-hydroxycorticosterone 


TABLE 4. THE PROTECTIVE EFFECT OF 17-HYDROXYCORTICOSTERONE AS COMPARED 
WITH THAT OF CORTISONE-ACETATE AGAINST ACUTE LETHAL TOXICITY 
OF EGG-WHITE IN ADRENALECTOMIZED RATS 


17-Hydroxycorticosterone Cortisone-acetate 


Injection No. deaths No. deaths 


Protection, 


per cent 


Protection, 


No. injected No. injected per cent 


September 13/15 14/15 
1951 10/15 9/15 
125 7/15 11/15 

250 7/15 7/15 


(79-110) 135 (115-162) 


(1.13 1.84). 


dehydrocortisone (Table and 4). comparison the activities 
dehydrocorticosterone and cortisone acetate presented linear regres- 
sion lines terms the probit-log dose relationship figure The 
values and the range for one standard error computed graphically 
(Miller and Tainter, 1944; Burn, 1937) micrograms per kilogram are 
209 (178-246) and (76-96) for dehydrocorticosterone and cortisone ace- 
tate respectively. Cortisone acetate thus nearly 2.5 times 
more effective than dehydrocorticosterone this test. 
17-Hydroxycorticosterone, the other hand, 1.45 times 


August 17/20 15.0 3/10 
1950 12/1 20.0 14/20 30.0 3/10 
125 11/1 26.7 4/20 80.0 3/10 
250 7/1 53.3 3/20 1/10 
500 73.3 0/20 100.0 
6.7 
40.0 
26.7 
53.3 
q 


CHEN AND WICKEL Volume 


more effective than cortisone acetate. may noted Tables and 
that the values cortisone acetate determined the autumn 
and 1951 differ markedly, (76-96) and 135 ug. 
respectively. The disparity apparently due difference sensitivity 
the adrenalectomized rats 1950 and 1951 the toxic action egg- 
white. Owing the lack material was not possible make accurate 
determination the value 6,7-dehydrocortisone. appears that 


CORTISONE-ACETATE 


a 


LOG DOSE 


The protective effect cortisone-acetate and dehydrocorticosterone against 
acute lethal toxicity egg-white adrenalectomized rats. The 50% protective doses 
and standard errors logarithms interpolated graphically from the regression lines 
are 1.93+0.05, and for cortisone-acetate, and dehydrocorticosterone respec- 
tively. 


approximately twice effective cortisone ace- 
tate preventing the acute egg-white. 

The following steroids were found ineffective mg./Kg.: desoxycor- 
ticosterone acetate; A5-pregnenolone; 3(a),20(a)-pregnanediol; allopreg- 
nanediol; 
3,20,21-triacetate ester; 
diacetate ester; estrone; 
diol; testosterone propionate; androsterone (trans form); 


DEHYDROCORTICOSTERONE 
1.5 2.0 2.5 


STEROIDS AND EGG-WHITE TOXICITY RATS 


ae 


and 16-ethyl- 
progesterone. Likewise, the following compounds were ineffective the 
indicated dose levels: Benadryl* (25 mg./Kg.), pyrilamine maleate, 
(Neo-antergan) (10 mg./Kg.), (50 mg./Kg.), rutin (25 
intraperitoneally), methylamine 
HBr (Sy 28) (10 mg./Kg.), epinephrine and isopropyl noradrenaline 
mg./Kg. should emphasized here that agreement with the finding 
others (Selye, 1937; Leger and Masson, 1949; Clark and 
1949) both epinephrine and the will reduce edema and 
death when they are given concomitantly with egg-white. Differing from 
these, cortisone—and the other steroids—exert delayed action and are 
without effect edema induced egg-white. 


SUMMARY 


method described for screening the cortisone-like activity com- 
pounds measured protection against the lethal effect fresh egg- 
white adrenalectomized rats. comparison was made the effective- 
ness cortisone acetate, dehydrocorticosterone, 17-hydroxycorticosterone, 
and preventing egg-white-induced death; cortisone 
acetate was found 2.5 times more effective (within the range one 
standard error) than dehydrocorticosterone and approximately and 
effective 17-hydroxycorticosterone and 6,7-dehydrocortisone respec- 
tively. number the steroids, antihistaminics, epinephrine, and rutin 
are ineffective combating the lethality egg-white this test proce- 
dure. 
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ATTEMPT PRODUCE COMPLETE THYROXINE 
DEFICIENCY THE RAT 


Department Anatomy, McGill University 


EMOVAL the thyroid gland not always followed the impres- 

sive effects described text-books Endocrinology. Thus, thy- 
roidectomized rats routinely kept this laboratory diet Purina 
Fox Chow not show the stunted growth and cretinoid syndrome 
generally associated with thyroidectomized animals. man, according 
the surgeon Hertzler (1941), complete thyroidectomy seldom produces 
myxedema symptoms. fact, Hertzler claims that most his patients 
remained quite normal after thyroid extirpation, only 17% having take 
thyroid extract, and very few them for longer than months. Why 
then the classical picture thyroidectomy missing such cases? 

One possible explanation the presence thyroid 
—in the diet. Thyroxine may ingested food animal origin since 
this substance present muscle, liver, kidney, and other organs (Gross 
and Leblond, 1950). Kommerell (1931) showed that feeding thyroidecto- 
mized dogs beef raised their basal metabolism, while feeding them 
meat obtained from thyroidectomized calf had such effect. Pre- 
sumably, normal beef contains enough thyroxine influence the basal 
metabolism. Similarly, Griesbach and Purves (1943) stated that feeding 
meat-containing diet thyroidectomized rats prevented the hypophyseal 
changes characteristic thyroidectomy. Therefore, possible that 
Hertzler’s patients, well our rats fed Purina Fox Chow, ingested 
enough thyroxine their food prevent manifestations classical 
hypothyroidism. 

Another possibility that from ingested iodide thyroxine may 
synthesized regions the body other than the thyroid gland. Adminis- 
tration iodide thyroidectomized rats fed iodine deficient diet 
improved their growth and increased their oxygen consumption (Chapman, 
1941). Morton al. (1943) showed that extra-thyroidal synthesis thy- 
roxine from iodide may take place. This synthesis may related the 


Received for publication March 25, 1952. 

addition L-thyroxine, thyroid tissue and plasma contain substance previously 
referred compound No. (Gross and Leblond, ’51), which was recently identified 
L-triiodothyronine and endowed with biological activity (Gross and Pitt-Rivers, 


’52). Both L-thyroxine and L-triiodothyronine may, therefore, considered thyroid 
hormones. 
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presence excess iodide the stomach (Leblond, 1951). This iodide may 
changed elemental iodine, and the gastric juice, low 
which would favor such transformation. could then react with food 
proteins the duodenum, where gastric juice neutralized, and thyroxine 
could formed. Chapman’s results suggested that this possibility would 
enhanced when dietary iodide high, our Purina Fox Chow which 
contains approximately 200 ug. iodide per 100 gm. 

The aim the present work was obtain state complete thyroxine 
deficiency eliminating all known sources thyroxine. Not only was the 
thyroid gland removed, but the operated animals were fed diets low 
thyroxine and iodine. The low-iodine diet, No. 342 Remington (1937), 
which 10% yeast was added, was used throughout these experiments 
with the following modification: Liver—the only component animal ori- 
gin this diet and possible source thyroxine—was replaced the 
first series experiments dried carcasses thyroidectomized rats, 
source animal proteins considered virtually free thyroxine. 
Later, use was made liver from which the fat-soluble material (includ- 
ing thyroxine) had been extracted. such experiments carried out 
27° (the temperature the animal room) the animals survived indefi- 
nitely, but stopped growing and exhibited the characteristic signs and 
symptoms described later. 

The utilization whatever traces thyroxine remained the body 
the thyroidectomized animals could presumably increased lowering 
the environmental temperature and thus raising the thyroxine requirement 
(Bodansky and Duff, 1936; Bodansky al., 1936). Accordingly, the experi- 
ments were repeated 16° C.—a temperature which moderately cook, 
but satisfactory for the growth intact animals. Under these conditions, 


the thyroidectomized animals showed fall body temperature, paralysis, 
and death coma. 


METHODS 


Four experimental series, and were used examine whether not feeding 
low-iodine, low-thyroxine diets thyroidectomized animals would produce signs thy- 
roxine deficiency. Each series consisted male rats, which were kept each 
cage. The animals were operated when they weighed 50+5 gm. After thyroidectomy, 
they were kept under various experimental conditions, indicated Table 

The technique thyroidectomy, the composition the diets, and the temperature 
the animal rooms will described before the details the four experimental series 
are given. 


Thyroidectomy 


Ablation the thyroid gland was done the usual method, which consists grasp- 
ing each thyroid lobe with forceps and slowly pulling upwards and outwards until the 
lobe freed. Since forceps, used, often retain minute pieces thyroid tissue which 
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TABLE 1. INFLUENCE OF VARIOUS DIETS ON THE BODY WEIGHT OF THYROIDECTOMIZED 
RATS AT WARM AND COOL TEMPERATURES 


Daily Initial Body 
Experi- Animals Diet dose body weight after 


ment (see 


group Table weight weeks 


R-30 


R-5 
PURINA 
L-2 


R-30 
R-5 


*L-10 
(for days L-10 
then +2°) L-10 

L,R-O 


cowo;ooooon 


All groups except the one marked consisted thyroidectomized anima!s. 


may act grafts, the tips the forceps were dipped 70% alcohol whenever thyroid 
lobe had been handled. 

Over 150 animals were thus thyroidectomized and fed low-iodine, low-thyroxine 
diets (Table 1). Growth stopped weeks after operation. small number 
growth continued. was assumed that these animals had thyroid remnants; they were 
not included the results. all other animals, the thyroid region was carefully searched 
autopsy, but glandular remnants were found. 

reduce the incidence tetany and death due concomitant parathyroidectomy, 
the animals were given calcium lactate drinking fluid instead tap water during 
the first week after operation. 


Diets 


Except for Purina Fox Chow, the diets used were low iodine and thyroxine. They 
were all modifications the iodine-deficient diet No. 342 Remington (1937) and 
their composition given Table The symbols Column this Table will 
used reference throughout the text. The R-5 and R-30 diets respectively contained 
and 30% rat This rat meal was prepared from the carcasses 
thyroidectomized adult rats kept L-2 diet for least weeks, and sacrificed with 
chloroform. The skin and gastro-intestinal tract were removed; the remaining carcasses 
were cooked 100° and put through meat grinder. The minced material was dried, 
ground into fine powder grain mill, and mixed with the basic diet the proportions 
indicated Table The pig liver used L-2 diet was extracted with fat solvents, 
and that used L-10 diet was extracted with both water and fat solvents. 

The mean iodine content both L-2 and L-10 diets was 4.0 ug. iodine per 100 
gm. The iodine content the other diets was not estimated, but, from more recent ex- 
periments with similar material, must have been between and yg. iodine per 
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TABLE COMPOSITION DIETS 


Percentage of each ingredient 


Pig Brewer's Wheat Corn 
at meal 
R-5 Basic +5% Thyroidectomized 0 1 1 10 18 65 5 
Rat Meal 
Rat Meal 
L-2 Basic +2% Liver 2 1 1 10 18 68 0 
L-10 Basic +10% Liver 0 


1 1 10 18 65 0 


100 gm. This quite low comparison Purina Fox Chow (200 ug. iodine per 100 
gm.). Furthermore, Axelrad (unpublished experiments) has shown L-2 and L-10 diets 
strongly goitrogenic. 


Room temperature 


Experiment and the first part Experiment were carried out animal room 
maintained This approximately the temperature which the metabolic 
requirements the rat are lowest (Benedict and MacLeod, 1928). Experiments and 
the second part were carried out room maintained 16+2° C., the hope 
that this cool temperature would increase thyroxine requirements and accentuate thy- 
roidectomy effects 


General experimental conditions (Table 


Experiment the effects thyroidectomy were examined rats kept 27° 
and fed R-5 R-30 diets from the time operation on. Every morning and evening 
1.5 DL-sodium thyroxine (dissolved 0.1 solution Dupanol) was 
injected into some the animals, hereafter referred ‘‘thyroxine- 
treated while the equivalent amount the solvent alone was injected 
into the rest the animals, hereafter referred 

Experiment was similar Experiment but the environmental temperature was 
reduced 16° thyroxine requirement. Four five weeks after operation, 
the thyroidectomized animals became paralyzed and died. 

Experiment extended Experiment including several types diet. The dose 
thyroxine was increased daily. Whenever possible, the thyroidectomized animals 
were sacrificed before death, that weights and histology organs could studied. 
This was achieved small number animals (Table 3). 

Experiment had several purposes: namely 

determine whether the paralytic syndrome and death occurring thyroidecto- 
mized animals kept environmental temperature 16° immediately after opera- 
tion (Experiments and could also obtained the animals were kept 27° 
and, subsequently—in this case, after days—exposed the moderate cold; 

determine whether fall body temperature accompanied the syn- 
drome; rectal temperatures were taken intervals while the animals were 27° and 
once twice daily while they were 16° C.; 

determine whether the paralytic syndrome could reversed removal the 
affected animals warmer room. 

Finally, short subsidiary experiment was carried out intact rats 
which were exposed intense cold the hope that the syndrome would 
duplicated. Six rats weighing 50+5 gm. were exposed temperature —18+2° 
deep freeze unit. Every few minutes the animals were removed and their body 
temperatures recorded. 
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RESULTS 
Experiment (Fig. 
27° thyroidectomized animals receiving thyroxine daily 


grew normally and appeared healthy. The growth the thyroidectomized 
animals receiving thyroxine slowed down after operation and stopped 


THYROXINE 
/ 
80 ; THYRO/DEC- 
TOMIZED 


WEEKS AFTER OPERATION 


Experiment The lower curves represent the body weight thyroidecto- 
mized rats, the upper curves that similar animals receiving thyroxine per day. 
The animals were fed R-30 R-5, diets both which are low iodine and thy- 
roxine, and were kept 27° 


the end the third week. During these first weeks, the appearance the 
animals showed progressive changes, which were clearcut weeks, and 
even more obvious the few animals allowed survive for several months. 

The most striking change was the difference size between the thy- 
roxine-treated thyroidectomized animals, which rapidly grew adult size, 
and the thyroidectomized animals given thyroxine, which remained 
underdeveloped (Fig. and more less similar size and bodily propor- 
tions young intact animals the same weight gm.). 

The skin and fur the thyroidectomized rats differed from those the 
thyroxine-treated thyroidectomized animals, well from those intact 
rats the same weight. The epidermis the tail showed the greatest 
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Thyroidectomized rat (right) and intact animal the same age (left). 


abnormality (Fig. 3). the thyroxine-treated thyroidectomized well 
intact animals, the tail was covered with scales arranged regular 
pattern. Fine hair interlaid between the scales added silky finish. the 
other hand, thyroidectomized animals, the scales were transformed into 
thick, irregular crusts, apparently due process hyperkeratinization. 
The fine hair was either absent partly hidden the crusts. result, 
the surface the tail appeared and rough. The skin the toes also 
showed crust-like formations which were less well-developed than those 
the tail. Often, there were patches scanty fur, especially top the 
head near the insertion the tail and sometimes the ventral surface 


the body. The epidermis the areas with poor hair growth often showed 
flaky, brownish squamae. 


Tails thyroidectomized rat (below) and intact animal 
the same body weight (above). 


Exophthalmos was common occurrence, but its degree given 
animal varied from day day. The eyes were pale. 

general, the motor responses the thyroidectomized animals were 
slower than those the animals receiving replacement doses thyroxine. 
Thus, the thyroidectomized rats moved slowly and clumsily and, when 
turned their backs, were slower right themselves than the thyroxine- 
treated animals. 

autopsy, lack development the male sex organs was observed 
the thyroidectomized rats. Not only were the testes small, but the male 
accessories were completely atrophic. Thus, the seminal vesicles had 


mean weight mg., compared with 750 mg. the thyroxine-treated 
thyroidectomized animals. 
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histological examination, the hypophyses the thyroidectomized 
rats were large and showed acidophils, while thyroxine-treatment re- 
stored the acidophils. The sections the epidermis beck and tail re- 
vealed that, accordance with gross observations, the cornified layers 
were thicker the thyroidectomized rats than those given thyroxine 
and, furthermore, the development hair follicles was less pronounced 
the thyroidectomized animals (Eartly al., 1951). 

The epiphyseal plate the tibia was thin and inactive the absence 
treatment with replacement doses thyroxine, fact which accounts for 
the lack growth tibia and other bones, and thus explains the small 
size the thyroidectomized animals. 


EXPERIMENT 
16°C 


TREATED 


THYROIDEC- 
TOMIZED 


S 


WEEKS AFTER OPERATION 


Experiment The lower curves represent the body weight thyroidecto- 
mized rats, the upper curves that similar animals receiving wg. thyroxine per day. 
The animals were fed R-30 R-5 diets, both which are low iodine and thyroxine, and 
were kept 16° 


spite these various abnormalities, thyroidectomized animals 
were able survive indefinitely 27° 


Experiment (Fig. 


The second experiment consisted four groups similar those 
Experiment but maintained 16° Although first the thyroxine- 
treated thyroidectomized animals gained weight normally, after weeks 
their body weight leveled off. The daily dose thyroxine may not 
have been sufficient, since was later shown (Experiment Fig. that 
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wg. were required maintain normal growth this temperature. The 
thyroidectomized animals stopped growing two three weeks after opera- 
tion (Fig. 4). Their appearance was the same that the thyroidecto- 
mized rats Experiment but, unlike these, they died within two weeks 
after their weight reached plateau. 

The death these animals was preceded condition which can best 
described progressive type spastic paralysis. first, the hind 
legs appeared somewhat rigid. The stiffness increased until the animals 
had drag their hind limbs when moving about. paralysis progressed 
upwards, the animals appeared semi-conscious and activity was limited 
occasional fly-catching motions the front feet. When placed their 
backs, the animals vainly attempted right themselves. state spastic 
rigidity with apparent loss consciousness ensued. Later, the rigidity 
gradually gave way complete muscular relaxation and, the animals 
lapsed deeper into coma, occasional shallow breath was the only sign 
life. Death soon followed. From the appearance the first stiffness 
until death, few hours two days intervened. 


THYROXINE 


EXPERIMENT TREATED 
16°C THYRO/DECTOMIZED 


/60 


PURINA 


WEEKS AFTER OPERAT/ON 


Experiment Body weight curves thyroidectomized animals. The top 
curve showed the growth group given thyroxine daily. The groups were 
fed the indicated diets (the symbols for which are explained Table 2). 
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Experiment (Fig. 


The third experiment was carried out 16° C., but the temperature 
control the room broke down several times. Four different diets were 
used. The thyroidectomized animals fed the R-5 diet and receiving 
thyroxine survived and grew well those given thyroxine 
Experiment the thyroidectomized animals, those fed Purina survived 


indefinitely and grew fairly rapidly, though more slowly than the thy- 
roxine-treated ones. 


ABSOLUTE WIEGHTS (IN MG.) ORGANS THYROIDECTOMIZED RATS FED 
VARIOUS DIETS AND KEPT 16° (EXPERIMENT 


R-5 
Diet Purina R-30 


No. animals 


Adrenals 

Liver 

Kidneys 

Heart 

Spleen 
Seminal Vesicles 
Pituitary 


Body Weight 
Autopsy (gm.) 


Growth the thyroidectomized animals L-2, R-30 and R-5 diets 
ceased after weeks. The plateau was less definite the R-30 than 
the L-2 and R-5 groups. Whether this was due breakdown the 
temperature control the room other causes may only surmized. 
All the animals had the characteristic appearance the thyroidectomized 
animals described Experiment the fourth fifth week after 
operation, they developed paralysis and several died the same charac- 
teristic manner Experiment that time, the rest the animals 
were sacrificed and their organs were weighed and studied histologically. 

The weight the organs (Table 3), especially liver, kidney, and heart 
varied the body weight, i.e., showed decreasing gradient from the 
thyroxine-treated thyroidectomized animals, through the thyroidectomized 
animals Purina, those the L-2, R-30, and R-5 diets. This was also 
true the weight the seminal vesicles which were atrophic the thy- 
roidectomized animals fed the three deficient diets. Conversely, although 
the absolute weight the pituitary showed little variation, the relative 
weight calculated per 100 gm. body weight was low the thyroxine-treated 
controls (2.6 mg.), higher the Purina fed animals (4.4 mg.), and highest 
(5.8 mg., 5.3 mg., and 6.2 mg.) the groups fed the L-2, R-30, and R-5 


6659 4555 3360 3843 3240 

1544 1020 670 808 780 

748 445 314 393 358 

908 499 242 447 499 

457 266 221 248 255 

457 184 123 

4.5 5.2 5.0 4.9 4.8 
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diets respectively. Thus, the animals fed Purina appeared less affected 
thyroidectomy than those the three other diets. 


Experiment (Figs. and 


Following thyroidectomy the animals were kept 27° for days 
and then exposed temperature 16° The growth curve confirmed 
that ug. thyroxine were sufficient for normal growth thyroidecto- 
mized animals 27° (as Experiment A), but not 16° (as 
Experiment B). The weight the thyroidectomized animals reached 


INTACT 


160 EXPERIMENT 
16°C 
TREATED 
THYROIDECTOMIZED 


16°C 


BODY WEIGHT GRAMS 


THYROIDEC- 


WEEKS AFTER OPERATION 


Experiment Body weight curves 27° and 16° All animals except 
those labeled were thyroidectomized. The diets are indicated symbols 
which are explained Table 


plateau within two weeks, with without 10% liver the basic diet (Fig. 
6). The animals fed the L-10 diet lived several days longer than those fed 
the L,R-O diet, but both groups developed the acute syndrome described 
above, and died in-coma. 

When the animals were exposed environmental temperature 
16° starting the day after operation, was done Experiments and 
least four weeks were required for the acute syndrome develop. 
However, this experiment, with the animals kept 27° for days 
after operation, the syndrome developed within few days after exposure 
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EXPERIMENT 


27°C 


INTACT 


TREATED 

THYROIDECTOMIZED 


DAYS AFTER OPERATION 
Body temperatures the animals Experiment (see Fig. 6). The body 


temperatures the L,R-0 and L-10 thyroidectomized groups dropped much lower than 
could indicated the scale the figure. 


16° Thus, while reduced temperature was always the direct cause 
the paralytic condition, the interval between thyroidectomy and exposure 
determined the time the onset paralysis after exposure. 

environmental temperature 27° the body temperature in- 
tact and thyroxine-treated thyroidectomized animals (Fig. was 
39° C., while that thyroidectomized animals was Upon ex- 
posure environmental temperature 16° C., all animals shivered, 
but while the intact and thyroxine-treated thyroidectomized rats could 
thus maintain their temperature around 37.5° C., the thyroidectomized 
animals were unable for more than few days. Then, their body 
temperature dropped and when reached 34° C., shivering ceased and 
paralysis appeared. The body temperature dropped further, approached 
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that the room, and coma ensued. Then, hibernation, respiration 
decreased inspirations per minute. Such animals were presumed 
dead, but recovered when placed the warm room (27° C.). Reversal 
the paralysis could brought about even advanced cases. 


Experiment Effect cold intact rats 


Since fall body temperature preceded paralysis, seemed that the 
acute syndrome observed 16° thyroidectomized rats was due 
failure maintain body temperature. this was the case, similar symp- 
toms should exhibited intact rats whose body temperature was 
lowered exposure severe cold. Six intact rats were, therefore, exposed 
temperature —18° They shivered violently. Within half hour, 
their body temperature started fall; shivering stopped and their limbs 
became rigid. With further fall body temperature, muscular relaxation 
and coma set in. Except for occasional breath, the animals looked life- 
less. They could, however, revived removal warmer environ- 
ment. Then, their body temperature rose, the symptoms were reversed, 
stiffness and paralysis being the last disappear. the whole, this syn- 
drome developed far more rapidly than that observed thyroidectomized 
animals exposed the moderately cool temperature 16° C., but its 
progression was the same. 

DISCUSSION 


tenet Endocrinology that the extirpation gland results 
the absence its hormone from the body. However, thyroid extirpation 
alone not sufficient produce complete thyroxine deficiency, since re- 
peated observations over the last few years revealed that thyroidectomy 
had only effect rats fed Purina Fox This was confirmed 
Experiment (Fig. 5). 

obtain thyroxine deficiency complete possible, two methods 


were employed: elimination possible sources of, and increase the 
demand for, thyroxine. 


Elimination the possible sources thyroxine 


This was accomplished by: extirpation the thyroid gland according 
method which gives high percentage complete operations; feed- 
ing the operated animals diets low iodine minimize extra-thyroidal 
formation eliminating from the diet all animal prod- 
ucts except those virtually free from thyroxine. The animal products used 
were either the minced carcasses thyrcidectomized animals (which had 


Purina Fox Chow available Canada recent years may different from 
the product the same name available 1942 and 1943; that time, thyroidectomized 
rats fed stopped growing (Leblond, 1944). 
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themselves been fed low iodine diet) Experiment extracted 

The virtual elimination the thyroxine supply resulted complete 
interruption growth. This occurred weeks after operation the 
thyroidectomized animals Experiment (Fig. and the first part 
Experiment (Fig. 6), both which were carried out the temperature 
the animal room (27° C.). The thyroidectomized animals given replace- 
ment doses thyroxine gained weight normal manner (Figs. and 6). 
Therefore, the arrest the development the thyroidectomized animals 
was attributed deficiency thyroxine. 

The following observations shed some light the role thyroxine 
the promotion growth. Thyroxine did not produce weight gain hy- 
pophysectomized animals fed the L-2 diet (unpublished experiments; see 
also Weisshedel, 1950a). However, growth hormone restored normal 
weight increase hypophysectomized well thyroidectomized rats 
(Evans al., 1939; Weisshedel, 1950b). Thyroxine, the other hand, 
maintained the pituitary acidophils, which themselves secrete growth hor- 
mone. Therefore, thyroxine may induce the secretion growth hormone 
from the pituitary acidophils and, this manner, produce its growth effect 
intact and thyroidectomized animals. 

The non-growing thyroidectomized animals were able survive indefi- 
nitely, but soon developed cretinoid appearance with hyperkeratosis, 
loss hair, interruption sexual development, enlargement the hypoph- 
ysis, exophthalmos, and general slowness and clumsiness movement. 
The overall picture was quite comparable the classical descriptions 
athyroidism. Therefore, was concluded that condition virtually 
complete thyroxine deficiency had been achieved. 

The condition reported virtually—not absolutely—complete thy- 
roxine deficiency, since was not possible far prepare diets completely 
devoid iodine and thyroxine. attempt was then made increase the 
utilization whatever traces thyroxine were still present the body, 
and thus accentuate the relative deficiency the hormone. 


Increase thyroxine requirement lowering the environmental temperature 


Bodansky and Duff (1936) showed that more thyroxine required 
lower temperatures. This was confirmed here, since yg. thyroxine daily 
insured normal growth thyroidectomized animals 27° (Figs. 
and 6), but not 16° (Figs. and 6). the latter temperature, 
thyroxine were required (Fig. 5). can, therefore, assumed that the 
thyroidectomized animals kept 16° low-iodine, low-thyroxine 
diets became more deficient thyroxine than similar animals kept 
27° 
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Experiments (Fig. 4), (Fig. and the latter part Experiment 
(Fig. were carried out 16° The interruption growth and other 
effects thyroxine deficiency observed 27° were also present here, 
but they occurred somewhat earlier. 

The striking difference the cooler temperature was the death the 
thyroidectomized animals within weeks after operation. 

The acute paralytic syndrome which caused these animals’ death was 
probably due inability maintain body temperature since Ex- 
periment the fall body temperature (Fig. preceded the onset 
paralysis. similar paralysis and coma was also observed intact animals 
whose body temperature was caused fall exposure very low tem- 
perature, —18° C., although this case (Experiment the onset the 
symptoms and their progress were greatly accelerated. Adolph (1950) also 
reported that rats whose bodies were cooled temperature 15° 
went into comatous state characterized loss consciousness and 
slow vegetative functions, breathing occurring approximately once min- 
ute. Finally, Britton (1922), who observed the effects gradual cooling 
cats, also described paralytic state heralding the onset coma. These 


observations raised the problem the role thyroxine the homeother- 
mic mechanism. 


Role thyroxine the maintenance body temperature 


Although was known that rats the thyroid gland necessary for the 
maintenance body temperature intense cold, such (see litera- 
ture Leblond and Gross, 1943), the need for thyroxine moderate tem- 
peratures had been given less attention. the present work, thyroxine was 
found necessary for survival thyroxine-deficient animals mild 
temperature 16° Therefore, this hormone plays role even minor 
adjustments environmental temperature. This observation, incidentally, 
raised the problem the survival value the thyroid hormone for ani- 
mals the wild state, since temperatures such 16° may encoun- 
tered some time the year under all latitudes, even the tropic zone. 

Only speculation can offered explain how thyroxine makes the thy- 
roidectomized animals resistant cold. known that the adaptation 
cold takes place through rise the basal metabolic level. Since thy- 
roxine capable increasing the metabolic rate, may assumed that 
this hormone participates the establishment higher basal metabo- 
lism the cold. According Minz and Cohen (1949), thyroxine facilitates 
the conversion pantothenic acid co-enzyme This co-enzyme 
necessary for acetylations, particularly that oxal-acetic acid the 
Krebs cycle carbohydrate metabolism. deficiency thyroxine would, 
therefore, interfere with the Krebs cycle and, thus, inhibit the general 
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metabolism. The disturbance the Krebs cycle would thus prevent the 
metabolic adjustment required exposure temperature 16° 
fall body temperature and death would result. 


Conclusion: Nature thyroxine deficiency 


complete thyroxine deficiency may defined the condition result- 
ing from the absence thyroxine the body. has been shown that 
such condition cannot achieved simple extirpation the thyroid 
gland. Other possible sources thyroxine must also eliminated. The 
actual ingestion thyroxine food may minimized using sources 
animal proteins either the meat from thyroidectomized animals 
thyroxine-extracted liver. low content iodine the diet also must 
used reduce the endogenous synthesis the hormone out- 
side the thyroid gland. 

Even with these precautions, complete absence thyroxine the 
body not achieved, but the approximation such condition results 
virtually complete thyroxine deficiency. (Conversely, man, diet 
moderately rich proteins may supply enough thyroxine correct the 
effects thyroidectomy some extent). 

The factor determining the degree thyroxine-deficiency may, however, 
not much the absolute amount thyroxine present the body 
the ratio between the supply of, and the demand for, the hormone. Thus, 
survival thyroidectomized animals 27° may due the fact 
that the low requirement this temperature satisfied the traces 
thyroxine still supplied the diet. The stepping the requirement 
when the animals are exposed 16° may result rapid depletion 
the thyroxine traces. There would then absolutely complete thy- 
roxine deficiency, which would produce block the Krebs cycle, with 
death the ultimate result. 


SUMMARY 


Young male albino rats weighing 50+5 gm. were thyroidectomized 
and fed variety low-iodine diets, the animal proteins which were 
virtually free from thyroxine, i.e., they consisted the minced carcasses 
thyroidectomized animals (which had themselves been fed low iodine 
diet). one experiment, liver extracted with fat solvents was used 
source animal proteins. 

27+2° C., such animals survived indefinitely, but they stopped 
growing weeks after operation (Fig. 2). Besides the lack general and 
sexual development, they showed hyperkeratinization the epidermis, 
especially the tail region, exophthalmos, and general lethargy. Acidophils 
were absent the hypophysis. contrast, thyroidectomized animals 
given replacement dose thyroxine grew normal rate and showed 
none these effects. 
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The experiments were repeated C.—a moderately cool tem- 
perature satisfactory for the growth intact animals. Under these condi- 
tions thyroidectomized animals fed the diets low iodine and thyroxine 
showed the same symptoms above. addition, around the fourth week 
after operation, they developed acute syndrome which attributed 
sharp fall body temperature and consists progressive muscular 
paralysis, coma with very slow respiratory rate, and finally death within 
one two days. The failure the homeothermic mechanism considered 
the end result the progressive depletion thyroxine stores. 

concluded that virtually complete thyroxine deficiency can 
produced feeding young thyroidectomized rats low-iodine, low- 
thyroxine diet. This thyroxine deficiency compatible with survival pro- 
vided the temperature maintained rather high level. The metabolic 
adjustment required for the adaptation minor lowering the tem- 
perature (16° C.) longer possible. 
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Federal Security Agency, Bethesda, Maryland 


protein anabolic effect testosterone has been observed many 

situations (Kochakian, 1950; Kenyon al., 1944). Kochakian (1950) 
reported that administration testosterone propionate castrated and 
normal male rats resulted reduced urinary nitrogen excretion which 
could correlated with protein deposition kidney, liver, and carcass 
well accessory sexual tissue. Kochakian (1950) and Gordon al. 
(1947) observed that testosterone administration reduced urinary nitrogen 
excretion also hypophysectomized rats, suggesting that the protein 
anabolic effect testosterone was not mediated through the pituitary 
gland. The site protein retention was not determined these studies. 
Simpson al. (1944) found that testosterone administration had signifi- 
cant effect body length and weight gains hypophysectomized rats 
unless given jointly with anterior pituitary growth hormone. 

Atrophy the temporal muscle was observed following gonadectomy 
the male guinea pig Papanicolaou and Falk (1938) and Kochakian 
al. (1948). was reported recently that skeletal muscle growth mark- 
edly impaired young thyroidectomized rats (Scow, 195la). Since 
gonadal development also retarded following thyroidectomy (Evans 
al., 1939; Salmon, 1941), seemed necessary exclude deficiency 
testicular hormone the cause the retarded muscle growth the 
thyroidectomized rat. 

the present experiments the effect testosterone propionate body, 
muscle, and organ weights and chemical composition the 
and thigh muscle has been studied young male rats deprived either 
the pituitary, the thyroid, the testes. 


EXPERIMENTAL 


Three lots male Holtzman rats, received weekly intervals, were divided equally 
into seven experimental groups: hypophysectomized, treated and control; thyropara- 
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thyroidectomized, treated and control; gonadectomized, treated and control; and 
normal control. The rats were operated days age. All animals were 
fed adequate purified diet (4279)! libitum and kept individual cages. Calcium 
lactate solution (2%) was available all thyroidectomized rats addition drinking 
water. This report concerns only those operated rats which total extirpation the 
appropriate gland had been achieved. Completeness hypophysectomy was determined 
visual inspection (9X magnification) the sella turcica and adjacent tissues, and 
completeness thyroidectomy the radioautographic technique Reinhardt 
(1942). Testosterone propionate (Abbott) was injected subcutaneously into the dorsum 
for days starting the fourth postoperative day. The daily dose, given 0.1 cc. 
sesame oil/100 gm. body weight, was 0.1 mg. testosterone propionate/100 gm. for the 
first days, and 0.5 mg./100 gm. for the last 

the postoperative day the rats were sacrificed, exsanguinated, and sub- 
jected immediate dissection. The water, protein, and fat composition tissues was 
determined modification the method Kochakian and Stettner (1948; Scow, 
Collagen content was determined the procedure Lowry al. (1941). 


RESULTS 


The body weight and length gains all groups are presented Figure 
and Table Hypophysectomy and thyroidectomy each produced the 
expected dwarfing effect body growth, whereas gonadectomy, wean- 
ing, resulted much smaller reduction (14%) body weight gain. 
Testosterone propionate administration increased significantly the body 
weight gain completely hypophysectomized and completely thyroidec- 
tomized rats but had only slight effect their body length 
body weight gain testosterone treated gonadectomized rats was gm. 
greater than that gonadectomized controls (not statistically significant) 
and was nearly equal the weight gain normal controls, whereas there 
was appreciable difference body length gains. The five-fold 
testosterone dosage the middle the injection period had apparent 
effect the body weight gains. should noted that none the 
tosterone-treated rats lost body weight during the experimental period. 
The final weight muscle and other tissues given Table The 
weight ratio thigh muscle body was subnormal thyroidectomized 
and hypophysectomized rats but was normal gonadectomized rats. 


Diet 4279: 20.0% casein (vitamin free), 0.3% 66.7% dextrin, 8.0% 
cottonseed oil, 4.0% salt (Hubbel, Mendel and Wakeman, Nutrition 14: 273. 1937) 
and vitamins same amounts used diet 4185 (Scow, 1951b). Vitamin was fed 
with pipette, mg. twice weekly. Food consumption was not measured. 

Sesame oil the above dosage was injected into half the rats each the four 
control groups. had appreciable effect any the measurements. 

The difference body weight gain between treated and untreated hypophysecto- 
mized rats after days testosterone injections was gm. This compares favorably with 


that gm. observed under similar experimental conditions Thyberg and Lyons 
(1948). 
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EFFECT TESTOSTERONE PROPIONATE 


UNTREATED NORMAL 
GONADECTOMIZED 


UNTREATED (6) 


DAILY DOSE GM. 


BODY WEIGHT GAIN (GRAMS) 


@ 


UNTREATED (9) 


TREATED 
HYPOPHYSECTOMIZED 
UNTREATED 


THYROIDECTOMIZED 


AGE (DAYS) 


Body weight gain. Injections were begun the fourth postoperative day. 
Numbers parentheses indicate the number animals each group. 


TABLE 1. ernor OF TESTOSTERONE PROPIONATE ON BODY WEIGHT AND BODY LENGTH 


Body weight Nose-tail il length (cm.) 


Difference Difference 
Gain® (treated vs. Final» i (treated vs. 
control) control) 


Hypophysectomized 


Thyroidectomized 
Control 


Gonadectomized 
A Control 


Normal Control 297.8 242.0+13.0 


® Measured to nearest 0.5 cm. while the rat was anesthetized and lying in a supine position. 
Mean. 


Range 
Mean: S.E. (S.E. = (Mantel, 1951)) 


Daily dose testosterone propionate (subcutaneous): 0.1 mg./100 gm. body weight for first days and 0.5 
mg./100 gm. for last days. 
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TABLE 3. EFFECT OF TESTOSTERONE PROPIONATE ON WEIGHT OF ENDOCRINE GLANDS 


Volume 


Group 


No. of 
rats 


Anterior 
pituitary 


mg® 


Hypophysectomized 
Control 
Treated 


Thyroidectomized 
Control 
Treated 


Gonadectomized 
Control 
Treated 


Normal 


_ 
@w 
on 


H 


oo 
N Qo 


Thyroid 


Adrenal 


(left) 


ou 


o 


Testis 
(left) 


1540 


mg® 


Thymus 


® Meant+S.E. 


There was appreciable effect testosterone administration 


the 


weight thigh muscle, cardiac muscle, bone, liver the three operated 
groups. The terminal weight the levator ani muscle all treated groups 
was least six times greater than that the controls, indicating that its 
weight response was out proportion that the whole body the 
above described tissues. significant weight gain the kidney the re- 


OF ACCESSORY SEXUAL TISSUE 


sult testosterone treatment occurred only gonadectomized rats. 


TABLE 4. EFFECT OF TESTOSTERONE PROPIONATE ON WEIGHT 


Control 
Treated 


Thyroidectomized 
Contro 
Treated 


Gonadectomized 
Control 
Treated 


Normal 


Hypophysectomized 


Seminal vesicles 


Empty Contents 
wt. 


Ventral 
prostate 


Remain- 
ing 
sex 
tissue* 


Difference 


(treated vs. control) 


tissue 


A/B 


0.009 
0.670 1.320 
0.330 0.690 


2.720 


0.380 


gm” 


gm° 


0.078 
1.460 


0.253 
1.900 


0.236 
2.770 


1.60 


3.94 


© Mean. 


© Figure in parentheses indicates number of observations if less than that for whole group. 


* Includes penis, urethra, vasa deferentia, levator ani, remaining lobes of prostate, and lesser glands. 
Includes retained secretion of seminal vesicles. 


Testosterone propionate administration had effect the weight 


thyroid and adrenal glands but did reduce thymus gland weight the 
three operated groups (Table 3). interest the anterior pituitary 
hypertrophy gonadectomized rats and its prevention testosterone 
administration. Testosterone administration had effect the testicular 


weight the absence the pituitary, but resulted two-fold weight 
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increase the thyroidectomized rats well significant 
weight increase the anterior pituitary =0.03). 

The weight ‘gain accessory sexual tissue presented Table 
readily apparent that testosterone administration provoked marked 
weight gain response these tissues, even the absence the anterior 
pituitary thyroid gland. Not only were the seminal vesicles hypertro- 
phied, but they were greatly distended with retained fluid, presumably 
secretions, extending cephalad the umbilicus the hypophysectomized 
and thyroidectomized rats. Accessory sexual tissue response testos- 
terone administration accounted for over half the body weight response 
treated hypophysectomized and thyroidectomized rats, but only one- 
fourth that treated gonadectomized rats. There was significant 
difference body weight gain between the treated and controls the 
hypophysectomized and thyroidectomized rats the weight gain acces- 
sory sexual tissue excluded. 

The chemical composition the eviscerated carcass and thigh muscle 
presented Table Hypophysectomy and thyroidectomy each resulted 
significant elevation above normal the ratio water protein 
the whereas only thyroidectomy altered the fat percentage, 
producing two-fold increase. Testosterone treatment had appreciable 
effect the carcass composition hypophysectomized and gonadecto- 
mized rats but thyroidectomized rats did produce 25% reduction 
percentage and small increase water and protein percentage with 
change the water/protein ratio. The protein percentage thigh 
muscle was significantly lower hypophysectomized and thyroidectomized 

‘rats than normal gonadectomized rats, and accordingly the water /pro- 
tein ratio was significantly above normal. There was significant effect 
testosterone administration the water and total protein percentages 
thigh muscle the three operated groups. Fat percentage thigh 
muscle, determined difference and ignoring glycogen content, 
was above normal both groups thyroidectomized rats and treated 
hypophysectomized rats. The thigh muscle collagen percentage 
total protein) was significantly subnormal gonadectomized rats but 
was normal those treated with testosterone. The muscle collagen per- 
centage was below and above normal hypophysectomized and thyroid- 
ectomized rats, respectively, but the differences were not significant. 


This testicular hypertrophy was associated with marked advancement spermato- 
genesis, there being abundant numbers spermatozoa the seminiferous tubules, 
whereas untreated thyroidectomized rats spermatogensis was arrested the spermato- 


cyte stage. Testosterone treatment had appreciable effect spermatogenesis 
hypophysectomized rats. 
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Testosterone treatment was associated with slightly higher collagen per- 
centages the latter animals (not statistically significant). 


DISCUSSION 


these experiments the body weight hypophysectomized rats was 
significantly increased the administration testosterone propionate; 
more than 50% this gain occurred sexual tissue. There was signifi- 
cant effect the weight non-sexual tissue, such skeletal muscle and 
kidney, the protein percentages the eviscerated carcass and thigh 
muscle. Since there was evidence increased fat deposition the 
treated animals, would reasonable assume that increased mass 
sexual tissue represented protein retention, demonstrated for seminal 
vesicles and the prostate gland treated castrated rats Kochakian 
(1950). Similar observations were made thyroidectomized rats which 
the dwarfism has also been attributed pituitary insufficiency, especially 
growth hormone production (Scow al., 1949; Koneff al., 1949). These 
findings would suggest that testosterone propionate administration induces 
protein anabolism only sexual tissue young rats deprived pituitary 
secretions. The work Simpson al. (1944) would support the view that 
growth hormone was the specific pituitary secretion question. 

notable that gonadectomy reduced the body weight gain only 
14% young male rats, observation reported other workers (Van 
Wagenen, 1928; Rubinstein al., 1939). Only 10% this weight gain 
reduction could attributed sexual tissue atrophy. Testosterone 
administration increased the body weight gain castrated rats 
gm.; 25% this occurred sexual tissue. Except the case sexual 
tissue and the kidney, the proportionalities the various organ and 
tissue weights body weight, and chemical composition carcass and 
thigh muscle were normal both treated and untreated castrated rats. 
interest that the effect testosterone (Kochakian, 
1947) was observed only castrated rats. 

Since the subnormal thigh-muscle/body weight ratio 
mized and thyroidectomized rats was unaffected testosterone treat- 
ment and this ratio was normal both treated and untreated gonadecto- 
mized rats, would seem that testosterone has direct effect the 
weight skeletal muscle rats. 

The levator ani muscle, contrast, was responsive both 
secretions and testosterone, even when given separately. Although the 
marked developmental arrest seminal vesicles and the prostate gland 
was the same both hypophysectomized and gonadectomized rats, the 
levator ani muscle continued grow, did thigh muscle, only gonadec- 
tomized rats. Eisenberg and Gordan (1950) have reported that growth 
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hormone induced appreciable weight response the levator ani 
muscle castrated rats. After testosterone administration the present 
experiments, the levator ani muscle increased times weight all 
operated groups, somewhat paralleling the weight response seminal 
vesicles and the gland, whereas there was observed effect 
thigh muscle pituitary and thyroid deficient rats. The levator ani muscle 
the rat has intimate anatomical relationship the muscles the 
penis, fact, its chief attachments are the bulbocavernosi muscles. 
This group muscles has been called striated perineal musculature 
Wainman and Shipounoff (1941) who noted that marked weight changes 
occurred the perineal musculature response gonadectomy and 
testosterone administration but that comparable changes were not seen 
other striated muscle. Further evaluation the levator ani muscle and 
its relationship sexual tissue important since the weight response 
this muscle has been proposed index activity ster- 
oidal hormones (Eisenberg and Gordan, 1950). 


SUMMARY 


Administration testosterone propionate both hypophysectomized 
and thyroidectomized young rats for days increased their body weight 
gain gm., which more than 50% could accounted for the 


increased mass accessory sexual tissue. Gonadectomy weaning 


male rats reduced the body weight gain level 14% below normal. 
Treatment with testosterone propionate provoked body weight gain 
gm. above that castrated controls, and only 25% this occurred 
accessory sexual tissue. 

The thigh-muscle/body weight ratio was subnormal, 2.9 3.1%, 
hypophysectomized and thyroidectomized rats but was normal, 4.4%, 
the male castrates. Testosterone had appreciable effect the weights 
thigh muscle, heart, liver, and bone, and the carcass protein per- 
centage the three operated groups. The renotrophic effect testosterone 
was observed only gonadectomized rats. Testosterone-treated thyroid- 
ectomized rats had lower fat content and larger (2X) testes than did 
their controls. This testicular hypertrophy was associated with accelerated 
spermatogenesis. all groups the levator ani muscle weight was 
times greater the treated than the control animals. 
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MECHANISM FOR THE EOSINOPENIA INDUCED 
CORTISONE AND 


JACQUES PADAWER ALBERT GORDON 


From the Department Biology, Washington Square College Arts and Science, 
New York University, New York City 


NTEREST has become restimulated the subject the eosinophilic 
leukocyte largely result recent findings (Forsham, Thorn, 
Prunty and Hills, 1948; Speirs and Meyer, 1949; McDermott, Fry, Bro- 
beck and Long, 1950) that the numbers these elements the peripheral 
blood are affected sensitively hormonal factors, particularly those 
the adrenal, and variety stressful states. Explanations have been 
proposed for the drop peripheral blood eosinophiles following cortisone 
epinephrine administration primarily the basis redistribution and 
destruction these cells; the evidence favoring these views has been 
inferential for the most part and the question must still considered 
open. 

Peripheral blood normal animals contains relatively low concentra- 
tions eosinophiles. Ringoen (1938) reported that eosinophiles values 
great 25% the total cellular count could found peritoneal 
fluid. preliminary screening various laboratory animals (Padawer 
and Gordon, 1952) revealed that modified Long-Evans strain rats had 
especially high concentrations eosinophiles both peritoneal and 
pleural fluids under normal conditions. Such material afforded good 
opportunity for studying detail the behavior the eosinophiles. This 
paper will present findings which support the hypothesis that the adrenal 
hormones lead augmented destruction the eosinophilic cell; the 
evidence based direct experimental demonstration eosinophilic 
cell disintegration well inferential data. 


MATERIALS AND METHODS 


Adult female rats (125-300 gm.) modified Long-Evans strain were used. They 
were reared well balanced diet and had drinking water available all times. 
Counts were made peripheral blood, and peritoneal and pleural fluids, using the 
phloxine-methylene blue propylene glycol diluent described Randolph (1949). For 
peripheral eosinophiles, the entire ruled areas both sides Spencer hemacytometer 
were counted (18 squares; multiplication factor: 11) and the total white cell count ob- 


Received for publication April 1952. 
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tained counting the upper left and lower right white cell areas each side the 
chamber squares; multiplication factor: 50). Peripheral blood samples were obtained 
from the tail. The animals were placed under light ether anesthesia just before samples 
were taken. most cases, each animal was made serve its own control obtaining 
pre- and post-treatment set counts for both peripheral blood and for peritoneal 
fluid. Total leukocytes and eosinophilic cell numbers were ascertained both fluids; 
mast cell numbers were also estimated peritoneal fluid. Samples peritoneal fluid 
were obtained making small incision (approximately em.) the left lateral body 
wall slightly ventral and about em. posterior the spleen; white blood cell pipette 
was inserted through this incision into the peritoneal cavity and sample fluid with- 
drawn, some which was deposited slide and smeared for blood, and the ap- 
propriate amount diluted (1:20) with the staining solution. When properly conducted, 
this procedure !ed bleeding, and the smears showed contamination with red 
blood cells. The body wall was then sutured with thread and the skin wound held 
two surgical clips. The entire procedure could executed little over two minutes. 
The animals reacted well the operation and became normally active within few 
minutes. the end the experiment, the animal was decapitated under ether, the 
body wall cut open and second, post-treatment, sample obtained. Smears were stained 
for about min. with Giemsa diluted 1:75 with phosphate buffer 5.8. The ex- 
perimental groups were established follows: 

Cortisone treated. Ten mg. cortisone acetate? were suspended ml. physio- 
logical saline and injected subcutaneously into each animal. This was equivalent 
from 4.5 7.5 mg./100 gm. body weight. Doses this magnitude were used obtain 
maximal effects. The animals were sacrificed hours post injection. Five splenec- 
tomized animals were treated similarly about two weeks after the operation. 

Epinephrine treated. One ml. freshly prepared 1:5000 solution (1:1000 stock 
Parke-Davis Adrenalin Chloride solution diluted 1:4 with physiological saline) was in- 
jected subcutaneously. Animals were sacrificed and hours post injection. 


RESULTS 


Cortisone treatment resulted significant drop the numbers 
all blood and peritoneal fluid elements counted except for total peripheral 
blood leukocytes which were unaffected this agent. The data are 
summarized Table For animals used their own controls, the 
average percentage decrease eosinophiles peripheral blood and 
peritoneal fluid following cortisone was 47.2 14.27% and 48.0+9.25% re- 
spectively. The peripheral and peritoneal counts control animals sub- 
jected the operative procedures alone were only slightly depressed. 
direct correlation was found between the peripheral and peritoneal eosino- 
phile changes for epinephrine-treated, sham-operated, cortisone-treated 
normal and splenectomized, and stressed 


wish thank Drs. Robinson and Alpert, Merck and Co., for supplies 
Cortone provided. 

The data Table include animals that actually showed rise peripheral 
eosinophiles following cortisone; one these which displayed 97% rise peripheral 
blood eosinophiles, revealed concomitantly 42% increase peritoneal eosinophiles. 
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PERIPHERAL AND PERITONEAL CELLS/CU. MM. 


Peripheral cells Peritoneal cells 


No. of 
Normal 262 16,800+1,950 351.0+72.3 116,400+17,200 47,200+5,460 "3,120 + 400 
Cortisone 
(4-12 hr. after inj.) 13 13,600+ 940 158.0+54.8 55,500+ 6,590 17,100+4,100 1,130+360 


0.26 <0.06 <0.001 <0.001 <0.001 


1 Total peritoneal leukocytes includes macrophagic and lymphocytic elements. 
2 Total peritoneal leukocytes and mast cell numbers were computed for 23 animals. 
3 Probability values obtained from the distribution of Fisher's t. 


The cytological changes occurring within the eosinophiles are par- 
ticular interest. seen from peritoneal and pleural smears, cortisone 
epinephrine treatment results the following alterations, most likely 
the chronologic order given. The normally doughnut-shaped nucleus 
(Fig. breaks down into numerous fragments (Fig. 5). These appear 
first. The nuclear fragments then lose completely their 
ability stain with Giemsa (Fig. and the granules become packed, 
staining very brilliantly with either eosin phloxine. The cell shrinks 
considerably and cytoplasmic fragments are formed (Fig. 2). The nucleus, 
present, usually completely undefined, longer visible negative 
image. Granules are densely packed and often fuse into mass eosino- 
philic material. The shrunken eosinophiles and cellular fragments can 
detected readily the blood counting chamber when stained the 
Randolph method. Such small eosinophilic forms are encountered pe- 
ripheral blood, peritoneal and pleural fluids the normal animal well 
the experimental groups. The experimental treatments, however, 
greatly increase their numbers. 

The small eosinophiles and forms representing intermediate degenera- 
tion stages were found taken free macrophages peritoneal 
and pleural fluids (Figs. 4); treated animals three four small eosino- 
philes could seen discrete vacuoles within large macrophages. Under 
medium high power, they could also readily distinguished the count- 


TABLE 2. EFFECTS OF CORTISONE AND EPINEPHRINE ON EOSINOPHILIC CELL 
DESTRUCTION IN PERITONEAL FLUID 


Small eosin. 
total eosin.)! uptake? 


Normal 1.01 +0.30 (10) 0.30 +0.07 (10) 
values <0.06 <0.02 


macrophage 


All values are given Errors, hr. after injection. The number 
animals employed each group given parentheses. 

Calculated percentage macrophages (of total macrophages present) having least 
one vacuole containing bodies. 
Data are pooled because similar response was evoked with both agents. 
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ing chamber (Fig. 3), from which all the data for Table were computed. 
With the Randolph technique, the engulfed ecsinophilic material stained 
brightly within the vacuoles the macrophages (Fig. with 
vacuoles containing faintly eosinophilic, material, 
both, were also encountered, but there appeared correlation 
between numbers macrophages containing eosinophilic material and 


PERITONEAL CELLS FROM TREATED ANIMALS 


1-3. Photomicrographs cells hemacytometer stained with phloxine- 
methylene blue propylene glycol; wet preparation showing relative sizes. 

The two larger cells are normal eosinophiles; the smaller cell shrunken 
eosinophile (still nucleated). 

Later stage small eosinophile. Only eosinophilic granules are seen. 

Macrophage containing small eosinophile. 

4-6. Photomicrographs Giemsa-stained smears. 

The lower cell with the ring-like nucleus normal eosinophile. The upper 
cell macrophage containing degenerating eosinophile (stage shown Fig. 
within vacuole. 

Degenerating eosinophile. Three pyknotic nuclear fragments are seen. 
Degenerating eosinophile. The nuclear fragments longer stain, but 
can seen outlined the densely packed eosinophilic granules. 


those showing non-eosinophilic material. smears, stainability the 
granules with Sudan black (Rheingold and Wislocki, 
1948) remained unchanged throughout their disintegration the non- 
nucleated small eosinophile stage. 

reported previously (Padawer and Gordon, 1952), neutrophilic 
polymorphonuclear elements were not encountered either peritoneal 
pleural fluids the normal animal. However, following cortisone injections, 
these cells appeared peritoneal fluid beginning hours following 
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injection; their numbers increased rapidly, that, hours after 
injection, 45% the total leukocyte differential was found con- 
sist neutrophiles. This rise peritoneal neutrophiles was accompanied 
increase the percentages these cells peripheral blood. 


DISCUSSION 


Three main explanations have been advanced account for the periph- 
eral eosinopenia that follows the administration adrenal hormones and 
the application stress. These relate inhibition the manufacture 
release these cells from the bone marrow, redistribution other 
organs (e.g. the spleen) and increased destruction. Although chronic 
treatment with cortisone does eventually induce marrow eosinopenia 
the adrenalectomized rat (Gordon, Piliero and Landau, 1951), other evi- 
dence does not support the contention that the peripheral eosinopenic 
state caused adrenal factors due actually disturbance hone 
marrow function (Josey and Lawrence, 1932; Godlowski, 1948; Finch, 
Crockett, Ross and Bayles, 1951; Rosenthal, Wald, Yager and Litwins, 
1950; Best and Samter, 1951; Rosenthal, Etess and Litwins, 1951). With 
regard the second possibility, Spain and Thalhimer (1951) have sug- 
gested, the basis their data, that migration eosinophiles the 
spleen occurs following single injection 2.5 mg. cortisone into mice. 
difficult, however, reconcile this suggestion with the observations 
the present and other reports that the cortisone, epinephrine- (Dury, 
1950; McDermott, Fry, Brobeck, and Long, 1950) stress-induced 
(Speirs and Meyer, 1949) peripheral eosinopenia occurs splenectomized 
well normal animals (mice, rats, dogs). Absence splenic arterio- 
venous differences eosinophile counts following ACTH epinephrine 
the dog would also militate against this idea (Solomon and Humphreys, 
1951). Recent findings (Fruhman and Gordon, 1952) moreover, lend 
support the concept that sequestration eosinophiles within the 
spleen follows cortisone treatment the rat. That the eosinopenic state 
may result from actual destruction eosinophiles has been suggested 
before (Josey and Lawrence, 1932; Godlowski, 1951), but direct evi- 
dence for this possibility, now, has been presented. The present 
experiments provide cytologic support for the hypothesis that eosinophilic 
cells undergo destruction the body fluids. Thus, there little doubt 
that degenerating eosinophilic forms are encountered appreciable 
numbers peritoneal and pleural fluids, and peripheral blood, especially 
under circumstances that lead pronounced eosinopenia these fluids. 
Since they are also seen the body fluids normal animals, may 
inferred that the cytologic events described above provide mechanism 
for the normal disposal the eosinophilic leukocytes. would seem possi- 
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ble that, for the peritoneal eosinophile, the peripheral eosinophiles 
undergo degeneration within the vascular channels and are subsequently 
ingested, smaller degenerated bodies, fixed macrophages lining blood 
sinusoids within the reticulo-endothelial organs. The present work has not 
tested the possibility that the various experimental procedures employed 
this report activate the macrophagic cell system. The increased uptake 
the eosinophilic elements may simply represent the fact that they have 
been rendered, the treatments, more susceptible for ingestion the 

Also interest are the data which indicate that reduction the con- 
centration eosinophilic cells following cortisone epinephrine occurs 
not only circulating blood but peritoneal fluid well. The significant 
positive correlation (for cases, +0.415; lies between 0.05 and 0.01) 
between the percentage drop eosinophilic cell concentration within 
peripheral blood and peritoneal fluid rats under the various treatments 
applied these experiments would tend suggest that eosinophiles are 
exposed similar destructive forces all body fluid compartments. 
Studies are progress determine what extent, any, body fluid vol- 
ume changes are responsible for the alterations concentrations cellular 
elements observed the peritoneal and pleural fluids. 


SUMMARY 


significant diminution cellular concentrations within the peritoneal 
fluid rats follows the administration cortisone epinephrine. The 
percentage changes eosinophiles peripheral blood are correlated posi- 
tively those for eosinophiles peritoneal fluid. Both hormones lead 
degenerative processes the eosinophilic leukocyte, followed their up- 
take cells. suggested that this mechanism forms the 


basis for the eosinopenic state that follows the administration adrenal 
hormones. 
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THE EFFECT THYROIDECTOMY THE MOR- 
TALITY AND PERIPHERAL BLOOD CHANGES 
THE RAT SUBJECTED WHOLE BODY 
X-IRRADIATION* 


AND 
With the Technical Assistance and Massoru 


From the Atomic Energy Commission Biological Effects Irradiation Laboratory, 
University Michigan, Ann Arbor, Michigan 


ability the irradiated organism repair the damage its 

hemopoietic tissue plays fundamental role survival during the 
post-irradiation period. study those aspects endocrine physiology 
which influence hemopoiesis therefore basic importance this prob- 
lem. 

The clinical and experimental evidence which implicates the thyroid 
hormone hemopoiesis has been reviewed recently (Axelrod and Berman, 
1951). particular interest this regard the experimental evidence 
obtained the study the anemia hypophysectomized animals (Crafts, 
1941). has been shown that the anemia which follows hypophysectomy 
can prevented feeding high protein diet with substitution thyroxine 
and testosterone proprionate therapy (Crafts, 1949). 

The mechanism which thyroid hormone influences hemopoiesis 
not known. Bomford (1938) has proposed that the thyroid hormone, and 
the pituitary gland elaboration thyrotropic hormone, influence the 
stimulus erythropoiesis control the rate utilization oxygen 
the tissues. also considered the possible influence lack thyroid 
hormone gastric function. Crafts (1947) has presented evidence which 
suggests that altered gastric function probably not important factor. 
The recent finding that the hypophysectomized animal will respond with 
the same percentage change erythroid values simulated altitudes 
22,000 feet intact animals, shows that oxygen deficiency can stimulate 
erythropoiesis the absence the pituitary (Feigin and Gordon, 1950). 

Although Esser (1907), discussing his experimental work thy- 
roidectomized animals asked would happen after X-irradiation, 
which according more recent experimental evidence causes 
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damage particularly the leucoblastic tissue the bone marrow?’’, 
have found only three reports concerning the effects irradiation 
hypothyroid animals. None these reports deals with the hematological 
aspects the problem. Blount and Smith (1949) reported slightly 
greater survival (of questionable significance) thiouracil fed, X-irradi- 
ated rats. Haley, Mann and Dowdy (1950) reported protection their 
thiouracil fed, X-irradiated animals. recent report Haley al. (1951) 


find equivocal increase mortality thyroidectomized Wistar strain 
male rats. 


MATERIALS AND METHODS 


this study Carworth Farms Wistar female rats were used. They were maintained 
pre- and post-operatively Rockland rat ration and tap water libitum and fresh 
lettuce given twice week. 


acTIVITY OVER THE THYROID ACTIVITY OVER THE 
ABDOMEN THYROIDECTOMIZED AND INTACT RATS 


Animal No. T/A 


Average 


Control (16 animals) 


Thyroidectomized 
576 


0.93+ .38 


Standard deviation calculated method Fisher (1936). 
Omitted incompletely thyroidectomized. 


The procedure for was essentially that Farris and Griffith (1949); 
stated that parathyroprivic tetany not likely develop rats after recovery 
from thyro-parathyroidectomy. have seen instances tetany our animals. 

The irradiation factors were: 700 whole body irradiation; 200 KV, Ma; Cu, 
Al, mm.; t.o.d.; 21.3 r/minute. The animals were immobilized ply- 
wood holders with lucite sides and cover, all lucite holder. 

The primary standard was Victoreen condenser r-meter. During the actual irradia- 
tion the animals the beam was continuously monitored with Victoreen model 510 


The authors wish express their thanks Dr. Hayes, the Surgery Depart- 
ment, University Michigan Hospital, who performed some the thyroidectomies. 
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Roentgen Ratemeter. This permitted very close control the machine that small 
fluctuations tube output could compensated continuously. 

The hematocrits were determined with Van Allen hematocrit tubes, using only the 
calibrated portion the capillary, centrifuged 3,000 r.p.m. for minutes. The 
hemoglobin was determined colorimetrically using Coleman Jr. spectrophotometer. 
The white blood counts were done using standard chambers and pipettes. The differential 
counts were made Wright stained films made the cover-slip technique. Two hun- 
dred cells were counted except the severely leukopenic films where one hundred, fifty, 
twenty-five cells were counted depending upon the degree leukopenia. The reticu- 
locyte percentage was determined dried cover slip films, vitally stained with Bril- 
liant Cresyl Blue, and subsequently with Wright stain. 

Completeness thyroidectomy was determined six weeks after operation Experi- 
ment and eight weeks after irradiation Experiment injecting 7.5 ue. 
intraperitoneally and twenty-four thirty hours later the ratio activity over the 
thyroid was compared the activity over the abdomen. Because the individual data 
terms counts per minute were quite variable from animal animal both the 
control and thyroidectomized groups, the ratios, presented for Group (T/A) Table 
were used. From study serial sections the neck the region the thyroid gland 
clear that our technique for measuring the T/A ratio too crude detect small 
thyroid remnants. believe nevertheless that does provide evidence suggesting 
that the animals included this study were severely 


RESULTS AND CONCLUSIONS 


Table presents the mortality statistics for the three experiments 
which form the basis this report. will seen that average increase 
mortality about per cent results from thyroidectomy. 

noted above, Haley al. (1951) did not find consistent increase 
mortality their thyroidectomized animals. These authors maintained 
their animals 0.1 per cent CaCl, the drinking water. The data 
the bottom Table indicate that this not factor explaining our 
finding increased mortality since the sixteen thyroidectomized animals 
placed CaCl, one week prior irradiation and maintained this way 


TABLE 2. THE EFFECT OF THYROIDECTOMY ON THE MORTALITY RESULTING 
FROM WHOLE BODY IRRADIATION—700 R 


Group surviving surviving 
Thyroidectomized 40.0 
II. Control 68.7 56.2 
Thyroidectomized 38.8 33.3 
III. Control 68.7 
Thyroidectomized 41.9 
tap water 46.7 


q 
q 
T 
q 


KRETCHMAR, GOMBERG, WEYANT AND BETHELL Volume 


TABLE ERYTHROID VALUES FOR THYROIDECTOMIZED AND INTACT RATS 
RECEIVING 700 WHOLE BODY IRRADIATION 


Post-irradiation 
Hematocrit Thyroidec- 
tomized 42.3 40.8 20.5 15.4 25.9 
Control 48.3 44.3 27.7 33.9 44.1 
Hemoglobin Thyroidec- 
gms./100 ce. tomized 13.8 1.35 6.2 5.2 7.5 
Control 15.3 14.6 6.7 9.7 14.2 
Reticulocytes Thyroidec- 
millions tomized 0.11 0.00 0.07 0.23 0.28 0.09 0.12 
Control 0.14 0.01 0.06 0.41 


through the post-irradiation period did not have significantly different 
mortality rate than the fifteen thyroidectomized animals irradiated the 
same time and maintained tap water. 

Groups and were irradiated six weeks after operation and Group III 
eight weeks after operation. was noted small group animals 
irradiated three weeks after operation that there was increase mortal- 
ity. therefore suggested that interval longer than three weeks 
required for the animals become severely thyroprivic. Since the differ- 
ence sensitivity small absolutely essential that only severely 
animals included compiling the mortality statistics. 
have employed the uptake radioiodine, already stated, Groups 
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STH WEEK POST- 
THYROIDECTOMY 


4TH WEEK POST- 


8TH WEEK POST- 


CELL DIAMETER MICRONS 


The effect thyroidectomy the changes erythrocyte diameter 
following whole body irradiation (700 
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and III criterion hypofunction resulting from the operation. 
Haley al. (1951) reported only the establishment weight plateau 
criterion thyroidectomy. our experience, agreement with that 
Reinhardt (1942), this insufficient evidence for thyroid- 
ectomy. 


TABLE SUMMARY THE EFFECT 700 WHOLE BODY IRRADIATION THE 
LEUKOCYTES THYROIDECTOMIZED AND INTACT RATS 


Post irradiation 
week week week week 
Eosinophils Thyroidectomized 0.10 0.00 0.01 0.02 0.08 
Control 0.06 0.00 0.01 0.03 0.05 
Neutrophils Thyroidectomized 1.93 0.05 0.10 0.43 1.01 
Control 1.77 0.12 0.27 0.78 1.32 
Lymphocytes Thyroidectomized 7.60 0.08 0.23 0.64 1.32 
Control 9.70 0.19 0.42 1.72 3.82 
Monocytes Thyroidectomized 0.35 0.00 0.01 0.06 0.16 
Control 0.43 0.03 0.02 0.14 0.34 


Reference Table will show that the response the regenerating 
hemopoietic tissue impaired the thyroprivic animals. Study the 
Price-Jones curves? presented Figure shows that the reticulocyte 
response may, addition, delayed much one week. Thus, the 
curves for the third week post-irradiation show that whereas the control 
there already considerable population young cells (those diameter 
above 6.9 microns), the thyroidectomized animal shows only relatively 
very few young erythrocytes. addition these curves indicate that the 
anemia will macrocytic the third sixth weeks. Indeed, Stearner 
al. (1947) have reported this finding. Study the segment the curves 
from 6.3 4.4 microns shows that red cell grows older the periph- 
eral blood also becomes smaller size; furthermore, the differences 
progression the red cells the thyroidectomized and control animals 
suggests that the red cell has significantly longer life span the thy- 
animals. 

This decreased rate erythropoiesis reflected the lag the hemato- 
crit and hemoglobin for the thyroidectomized compared with 
the control animals, presented Figure 


The data for the control curves are averaged from two animals; for the thyroid- 
ectomized curves, one animal was selected the basis typical hematologic response. 
(ef. Fig. 1.) 

The data are averaged from the surviving animals Groups and (16 
and thyroidectomized animals), except for the red blood cell count curves which are 
averaged date from the survivors Group control and thyroidectomized 
animals.) 
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Table shows that the return the neutrophile, lymphocyte and mono- 
cyte numbers pre-irradiation levels definitely retarded the thyroid- 
ectomized animals. This particularly true the rate regeneration 
the lymphocyte count. 

Orr (1934) found similar inhibition lymphopoiesis the thyroidec- 
tomized animal recovering from benzol intoxication. addition, Marder 
(1949) has presented evidence which suggests that the thyroid hormone 
plays role the control total lymphoid tissue mass. 

Although paired-feeding was not done this experiment, data from 
intact animals maintained restricted food intake prior and subse- 
quent irradiation show that the differences reported cannot ascribed 
the decreased food consumption the thyroidectomized animals. 
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SUMMARY 


(1) Irradiation leukopenia and anemia more severe and prolonged 
than euthyroid animals. 


(2) The probability surviving whole body dose ionizing irradi- 
ation decreased hypothyroidism. 


(3) Certain differences effect neutrophils and lymphocytes have 
been discussed. 
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EFFECTS ADRENAL CORTICAL EXTRACT RENAL 
FUNCTION HYPOPHYSECTOMIZED 


From the Department Zoology, Syracuse University, Syracuse, New York 


well established fact that hypophysectomized dogs have 

chronically low glomerular filteration rate (GFR) and renal plasma flow 
(RPF), impaired tubular function, and inability excrete water 
load. These deficiencies renal function are not due the loss the 
gonadotrophic, thyrotrophic hormones (White, Hein- 
becker and Rolf, 1949). The administration anterior pituitary growth 
‘hormone increased the GFR and RPF normal levels above (White, 
Heinbecker and Rolf, 1951). According Bodo, Schwartz, Greenberg, 
Kurtz, Earle and Farber, (1951), administration the purified growth 
hormone hypophysectomized dogs also increased the GFR and RPF, 
but not the pre-operative levels, and significantly improved their ability 
excrete water load. Previous work (Joseph, Schweizer, Ulmer and 
Gaunt, 1944; Osborn and Eversole, 1949) showed that the sluggish diuretic 
response hypophysectomized rats water loads can partially, but 
not completely, repaired administration adrenal cortical extract 
(ACE). The primary objectives the work reported here were (a) 
study the nature this deficiency the hypophysectomized rat and (b) 
investigate the mechanisms the reparative action ACE. was 
found that the administration ACE hypophysectomized rats (1) 
caused transitory increase creatinine clearance; (2) was without effect 
sodium para-amino hippurate (PAH) clearance; (3) decreased tubular 
reabsorption water; and (4) markedly altered electrolyte excretion. 
Adrenal cortical extract rather than cortisone other crystalline adrenal 
steroids was used most these experiments because previous experience 
this laboratory has shown that ACE the most effective diuretic 
adreno-cortical origin, consideration primary interest this investiga- 
tion. 
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Some these observations were recorded earlier abstract (Boss 
and Osborn, 1950). 


METHODS 


Two series experiments were performed using gram hypophysectomized 
albino rats obtained from the Hormone Assay Laboratories. All rats were fasted 
hours prior testing, but drinking water was allowed libitum. Distilled water warmed 
100° was given all animals stomach tube two doses, hour apart. 
Each water dose was ml. per 100 sq. em. body surface, ml. per dose for rats 
the weights used these experiments. The body surface was calculated according the 
formula Benedict (1938). One half the rats received ml. aqueous adrenal 
cortical extract (Upjohn) ml. part each hydrating dose) and equal number 
controls received ml. normal saline the same manner. Creatinine clearance 
procedures previously described (Boss al., 1950), were employed measure 
the rate glomerular filtration. Sodium para-aminohippurate (PAH) clearance was 
used determine the renal plasma flow, the technique being essentially that used 
Friedman, Polley and Friedman (1947). agreement with Friedman, found 
preliminary studies that single subcutaneous injection PAH administered immedi- 
ately prior the clearance period lasted minutes and maintained steady plasma 
level when suitable dose was given. normal animals weighing from grams 
mgm. dose maintained steady plasma level 4.5 mgm. per cent. Doses above 
mgm. caused the plasma levels rise sharply, apparently because the kidneys were 
unable clear the PAH fast entered the blood. When this occurred the plasma 
concentration increased above mgm. per cent and resulted depressed clearances. 
the other hand, concentrations below 4.5 mgm. per cent resulted abnormally high 
clearances. Because the renal functions hypophysectomized rats are seriously impaired, 
was found that reduced dose mgm. the PAH was sufficient maintain 
consistent plasma level 4.5 mgm. per cent during the clearance period. this 
dose level the plasma concentrations the PAH and creatinine continued steady for 
minutes. 

Series single subcutaneous injection per cent solution creatinine was 
given amounts 0.5 ml. per 100 grams rat the time the second hydrating 
dose. Using this procedure the plasma concentration creatinine the end 
minutes was about mgm. per cent and remained constant that level over the fol- 
lowing hour. Clearances this series were started one-half hour after the injection 
the creatinine and continued for minutes. Series separate single 
injections creatinine and PAH were given the time the second dose water, 
and the clearance period was started immediately. 

was necessary use separate groups animals for the electrolyte studies since 
hypophysectomized rats not void sufficient volume urine for both clearance and 
electrolyte analys2s. Sodium and potassium were determined internal 
standard flame photometer manufactured Process and Instruments. 


term the electrolytes indicates mEq.L 
refers total mEq. 
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TABLE 1. MEAN FIGURES ON GLOMERULAR FILTRATION RATE AND URINE’ FLOW IN HYPO- 
PHYSECTOMIZED RATS RECEIVING ADRENAL STEROID THERAPY 


Glomerular 
Urine flow 
Days Weight filtration rate 


gm./min. gm./min 


ACE? 1.114+ 


Saline 168 -0632 -0133 


Saline 


155 -503 -0088 
ACE 


-0239 
-0388 -0488 


-0824 


Saline 


Saline 
ACE 


Saline 
ACE 


AD AN ADB wn 


ml. 0.9 per cent added each water dose. 

ml. adrenal cortical extract added each water dose. 
32.5 mg./day/5 days. 

45.0 mg./day/5 days. 


RESULTS 


Glomerular Filtration Rate Hydrated Hypophysectomized Rats (Table 
Series 


When ml. adrenal cortical extract (ACE) was administered orally 
with each two hourly water doses rats which had been hypophysecto- 
mized days there was moderate increase clearances and 
significant increase urine flow. After days hypophysectomy the 
clearances declined permanent low level, per cent below that 
intact rats the same strain receiving similar treatments. The administra- 
tion the cortical hormone this time and thereafter was without effect 
the clearances. These results (Table are consistent with those seen 
the day hypophysectomized rats Series II, Table contrasted 
with saline controls. The extremely rapid rate urine flow the hormone 
treated animals declined from 450 per cent days after the operation 
160 per cent the 55th day. With the exception the group animals 
which had been hypophysectomized between and days the percent- 
age increase the rate urine flow the ACE treated animals over the 
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saline controls equalled exceeded that the intact animals receiving the 
same treatment. all instances ACE increased the rate urine flow pro- 
portionately more hypophysectomized animals than intact controls. 

Daily injections mg. DCA starting the 3rd day after hy- 
pophysectomy and continuing for days neither increased the glomerular 
filtration rate nor the urine flow over the day saline controls. When the 
daily dose DCA was increased 5.0 mg. the rate urine flow increased 
substantially, but the GFR was not affected. 


Renal Plasma Flow Hydrated Hypophysectomized Rats (Table Series 


Seven days after hypophysectomy the clearance sodium para-amino- 
hippurate (PAH) declined per cent below that normal intact rats 
receiving similar treatments, and days had further decreased 
per cent. When ml. ACE was administered the 7th 30th post 
operative day, there was significant increase the PAH clearance 
the 7th day, but per cent increase was noted the 30th day. Urine 
flow rates animals receiving the hormone continued elevated 
although the percentage increase over saline controls was not great 
found Series (Table 1). probable that the difference timing 
therapy and hydration and the longer clearance period are responsible 
for the lower percentage increase rate urine flow this series com- 
pared Series IT. 


Plasma Electrolytes 


Table shows that days after hypophysectomy the plasma sodium 
and potassium levels both the saline controls and those animals receiving 
ACE were depressed. the 30th day after hypophysectomy the depressed 
electrolyte levels the saline controls were raised. Administration 
ACE decreased the potassium concentration, and increased the sodium 
level until there was little difference between the electrolyte levels the 
day group and the normal intact animals receiving similar treatments. 


Urine Electrolytes 


The concentration sodium the and day untreated hypophy- 
sectomized rats increased 146 and 368 per cent respectively over that 
intact controls receiving the same hydration treatments. When ACE was 
administered each the three groups (Table the sodium concentra- 
tion was increased the normal and day groups, but decreased per 
cent the day animals. However, these data show that this diuretic 
hormone increased the total sodium excreted during the minute collect- 
ing period all three groups follows: normals, 161 per cent; day 
hypophysectomized, 880 per cent; and the day operated group, 174 
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per cent. While the administration the hormone resulted greater 
percentage increase the total sodium excreted the operated ‘groups, 
the total amount sodium present the urine the and day animals 
was actually and 2.5 times less than the normals receiving hormone. 
When the percentage increases the total sodium excreted each the 
three hormone treated groups are compared with the percentage increases 
their rates urine flow, marked correlation observed. 

Potassium concentration the urine the untreated hypophysecto- 
mized rats exceeded that intact controls times days and 
almest times the 30th day. Hypophysectomized dogs are likewise 
unable retain sufficient potassium maintain normal plasma levels 
(Marenzi and Gerschman, 1934). Cortical extract increased the concentra- 
tion potassium and sodium the urine the intact rats, but the potas- 
sium concentration decreased and per cent respectively the and 
day operated animals. However, the sodium concentration was con- 
siderably increased the former but slightly decreased the latter 
group. the other hand, there was marked percentage increase the 
total potassium excreted all three the hormone treated groups, the 
greater increases occurring the hypophysectomized animals. explana- 
tion this significant increase total electrolyte excretion, despite 
reduction the electrolyte concentration, may found the large 
percentage increase urine output. noted that the percentage 


increase total sodium and potassium ions excreted the three groups 
follows the same general pattern. 


DISCUSSION 


The chronically depressed renal functions resulting from the ablation 
the pituitary gland affords means study possible antagonisms 
between the adrenal cortex and posterior pituitary gland. Upon removal 
the pituitary gland the antidiuretic substance ADH with its posterior 
pituitary-like properties rapidly disappears from the blood serum (Birnie, 
Eversole, Boss, Osborn and Gaunt, 1950), and subsequently adrenal corti- 
cal function impaired, but not completely abolished, loss its 
trophic hormone ACTH. The characteristically depressed GFR and RPF 
values hypophysectomized animals cannot ascribed entirely the 
resulting mild adrenal insufficiency. The application stress such 
hydration, which hypophysectomized animals are exceedingly sensitive, 
apparently disturbs the delicate electrolyte and water balances and 
increases the demand for the cortical hormone, but adequate amounts 
are not produced the absence the trophic hormone, ACTH. White 
and co-workers (1949-1951) reported that neither adrenal replacement 
therapy nor ACTH has protective effect the renal function 
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hypophysectomized dogs. However, when they administered growth 
hormone the renal functions returned exceeded normal levels. 
According Bodo al., (1951) the administration purified growth 
hormone hypophysectomized dogs increased the glomerular filtration 
rate and renal plasma flow, but not the pre-operative levels, and signifi- 
cantly improved their ability excrete water load. 

this laboratory, while the administration ACE hypophysecto- 
mized rats did not markedly increase the depressed renal plasma flow, 
the creatinine clearances were significantly increased for the first two weeks 
following hypophysectomy, prior their decline permanently low levels. 
However, the most significant effect manifested the hormone was the 
partial restoration the tubular functions and the ability excrete 
water load. 

While the rate urine flow the untreated and day operated 
rats was five times less than the untreated normals, the percentage 
increases due the cortical hormone were greater, probably denoting 
greater tubular sensitivity the hormone. Total electrolyte excretion 
followed this same pattern. The total salt loss the untreated normals 
was greater than the experimentals and the percentage increases result- 
ing from the hormone were consistently lower than either the hy- 
pophysectomized groups. The serum sodium and potassium levels the 
day hypophysectomized control and hormone treated groups were con- 
sistently reduced. may that the high renal wastage observed this 
time could partially account for these depressed levels. the 30th day 
hypophysectomy the serum electrolyte levels increased well within 
the limits found the normal groups receiving similar treatments. There 
was marked similarity the effects the hormone the urine flow and 
electrolyte excretion the normal and day operated groups, with the 
latter having only slightly greater percentage increase each instance. 
The data Series and indicate that the hypophysectomized rat was 
most sensitive the adrenal cortical hormone during the two weeks follow- 
ing the operation. The and day operated animals showed the greatest 
sensitivity the hormone that the percentage increases urine flow 
and total electrolyte excretion were consistently several times greater than 
the other groups studied. 

The data from these experiments suggest that the primary effect ACE 
administration control the functional activity the kidney tubules 
evidenced (a) the increase the total electrolyte excretion which 
direct ratio with the urine flow, and (b) the significant increase the 
urine flow resulting from the decrease tubular reabsorption water, 
rather than the GFR. has been previously demonstrated (Surtshin, 
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Rolf and White, 1951) that raising the clearances growth hormone 
caused increase sodium excretion. the present expériments, 
although the clearances during the first two weeks hypophysectomy 
were raised significantly the administration ACE, the percentage 
increase was small magnitude when compared with that the urine 
flow and the electrolyte excretion. However, after the second post operative 
week, the hormone was ineffectual raising the clearances, while the urine 
flow and electrolyte excretion could stimulated high rate. general, 
would seem that the hypophysectomized rat highly sensitive cortical 
hormone effects the reabsorption water and electrolyte, but that the 
depressed clearances are relatively unaffected corticoid replacement 
therapy. From the work others the dog might anticipated that 
the growth hormone the missing factor which would correct the de- 
pressed clearance rate. This hypothesis will put experimental test. 
and Holly, (1937) reported increased chloride excretion 
and polyuria during the first weeks following hypophysectomy. Though 
there was slight drop the absolute values, the urinary chloride excre- 
tion rose per cent the intake during this period, with urinary 
sodium and potassium excretion following closely that the chloride ion. 


SUMMARY 


Our data support the following conclusions; (1) intact animals ACE 
DCA increases urine flow without markedly increasing clearances; 
(2) hypophysectomized rats without treatment the clearances are re- 
duced proportionately less than the urine flow; (3) hypophysectomized 
animals ACE has little effect upon the chronically low glomerular 
filtration rate and renal plasma flow, but the percentage increase the 
urine flow greater every instance than the intact rats; (4) altera- 
tions the urinary electrolyte levels are largely independent changes 
the GFR and RPF; and (5) there apparent direct correlation between 
the amounts sodium and potassium the presence absence the 
hormone. 

Under the conditions these experiments seems apparent that the 
action the hormone primarily the renal tubular reabsorption 
water and the electrolytes. 
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